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Dietary factors are considered as important factors that contribute to the health 
conditions of human. It is suggested that dietary antioxidants can protect us from 
many chronic diseases such as cancer, atherosclerosis and coronary heart disease. 
Hakmeitau bean is a black-seed cultivar of Vigna sinensis. Previous studies 
showed that the V. sinensis seed extract possessed significant antioxidant activity. 
The objective of this research is to investigate the potential health-promoting effects 
of V. sinensis seeds extract, including the hypocholesterolemic effects on mice and 
the antiproliferative effects on human cancer cells. 
In this project, phenolic and non-phenolic fractions were prepared from the 
crude seed extract by Diaion HP-20 chromatography. In animal feeding experiment 
using balb/c male mice, the administration of crude seed extract (1.5 g/kg and 3.0 
g/kg body weight) in a high fat and cholesterol diet did not show any significant 
effect on lowering the serum or liver cholesterol and lipid levels in the tested 
..animals. . 
* 
The antiproliferative activities of different seed extracts were investigated using 
human cancer cell lines. The phenolic fraction was found to possess significant 
antiproliferative activities on both human hepatocellular carcinoma HepG2 and 
human breast adenocarcinoma MCF-7 cells in a dose-dependent manner with IC50 of 
112 and 149 |ig/ml respectively. In the LDH assay, no cytotoxic effect was detected 
ii 
in normal cells, the foreskin fibroblast Hs68. 
Since the active antiprolifrertaive components in K sinensis seeds were 
suspected to be one or more of the antioxidative phenolic compounds present, the 
aglycones of the three predominant seed flavonoids including delphinidin, cyanidin 
and petunidin (plus cyanidin-3-O-glucoside for comparison) were tested on their 
antiproliferative activities. Using the BrdU assay, all four selected flavonoids were 
found to possess significant antiproliferative activities on HepG2 and MCF-7 cells in 
a dose-dependent manner. In the LDH assay, no cytotoxic effects of these compounds 
were detected in normal cells, Hs68. Among these four flavonoids, cyanidin was 
found to have the highest antiproliferative activities on both HepG2 and MCF-7 cells 
with IC50 values of 72.2 and 129 fxM respectively. Flow cytometry was employed to 
study the mode of action of cyanidin on cell growth inhibition. Two different modes 
of cell cycle impairments were found in cells treated with cyanidin. An accumulation 
of cells in G2/ M phase with no sign of apoptosis was found in HepG2 cells, while an 
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An overview of Vigna sinensis seeds 
1.1 Introduction 
Human beings have always depended on food for survival. Food provides us 
with energy and other nutrients in the required proportions to promote health and 
nutrition. Among various food substances, the nutritional properties of legumes have 
been investigated for a long time. Legumes are edible mature seeds of plant from the 
plant family Leguminosae. They are considered as poor man's meat (Tharanathan and 
Mahadevamma, 2003; Mohan and Janardhanan, 1993). In the past decade, 
experimental reports and scientific studies have indicated the beneficial and 
protective effects in the consumption of leguminous seeds on many diseases 
including: hypocholesterolemia, coronary heart disease, obesity, diabetes mellitus, 
menopause and cancer (Brouns, 2002; Jenkins et al,, 2003; Kennedy, 1995; Mazur et 
aL, 1998). Therefore in additional to the high nutritional value, legumes are strong 






1.2 Food and functional food 
Food is a complex mixture of various nutrients and accompanying substances. 
In is generally believed that diets containing high fruits, vegetables, whole grains and 
legumes are good to our health (Panunzio et al, 2003; Sleight, 2003; Wildman, 
2001). Therefore, foods do not simply provide us with essential nutrients; they also 
have special contribution to our health. In recent health studies, 'functional foods' 
are hot topics among scientists and researchers. According to the Institution of 
Medicine's Food and Nutrition Board, functional foods are defined as ‘any food or 
food ingredient that may provide a health benefit beyond the traditional nutrients it 
contains.' (Eisenbrand, 2000; Wildman, 2001). According to Pennington (2002), 
there are approximately 120 naturally occurring foods have been designated as 
functional food and some already occur in commercially processed food products 
and dietary supplements. Examples of functional foods designated as functional and 
some of their bioactive components are shown in Table 1.1. 
Many studies indicated 'bioactive compounds' in food in charge of most of the 
special health benefits. 'Bioactive compounds' are extranutritional constituents that 
typically occur in small quantities in foods. They vary widely in chemical, structure 
and function and are grouped into different categories accordingly to their properties. 
A wide range of bioactive compounds have been discovered, such as carotenoids, 
) 
flavonoids, tannins, allyl sulfides, indoles, phenolic acids and plant sterols 
(Kris-Etherton et al, 2002; Pennington, 2002; Zand et al., 2002). These 'bioactive 
compounds' are believed to be good to our health in many aspects, including 
antioxidant, anti-cancer, anti-viral, anti-allergy, anti-mutagenic and even against lipid 
oxidations (Kris-Etherton et al, 2002; Moreau et al., 2002; Rice-Evans and Packer, 
2 
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1998; Packer et al, 1999; Zand et ai, 2002). 
Although there are more and more studies supporting the beneficial health 
benefits of 'bioactive compounds', there are still gaps in our knowledge regarding 
the absorption, bioavailability and metabolism of many these compounds. In the 
future, the developments and validation of new biomakers is certainly necessary in 
order to demonstrate the relevance of the results from experimental models to 





1.3 Edible legumes as an important food 
Among numerous human dietary food sources, legumes are having a unique 
position. They are generally characterized by their seeds, which borne in pods which 
open along two seams, with flowers pea-shaped and having compound stipulate 
leaves. In this 13,000 species of legumes, only 20 are edible and commonly 
consumed by human. Normally, edible legumes are consumed after processing; the 
palatability and nutritional bioavailability of legumes can be improved after 
processing (Tharanthan and Mahadevamma, 2003). Inside the history of edible 
legumes, soybean and its products have drawn most of the attentions due to their 
potential health benefits in additional to their nutritional values (Brouns, 2002; 
Mazur et al, 1998). 
Since legumes occupy an important place in human nutrition, their nutritional 
properties have been investigated for a long time. They can provide us with relative 
high amount of proteins, complex carbohydrates, soluble fiber, and essential vitamins 
and minerals. At the same time, legumes have low fat, low sodium and 
cholesterol-free supply. Moreover, legumes have always acted as alternative sources 
of protein and energy in developing countries where people are unable to afford 
animal sources of much higher cost. Moreover, many experimental reports and 
scientific studies have indicated the beneficial and protective effects in the 
i 
consumption of legumes on many human diseases. Legumes, therefore in additional 





1.4 Nutritional and extra-nutritional values of K sinensis seeds 
Hakmeitau bean is a black-seed cultivar of Vigna sinensis. It is cultivated in 
Asia and Africa. The proximate composition of V. sinensis seeds was analyzed by 
Foo，1999. They contained 23.7% protein, 45.6% carbohydrate, 1.4% lipid, 15.3% 
fiber and 2.0% minerals. This composition closely resembles other leguminous seeds 
in the same genus. When compared with the fiber content of other legume species, V. 
sinensis seeds were three times higher than others. The proximate composition of V 
sinensis seeds is shown in Table 1.2. For the amino acids content profile, the most 
abundant amino acid in the seeds is glutamic acid. The amino acids content almost 
remained unchanged after heat treatment (Table 1.3). Although some antinutrients 
were also present in the seeds, the heat labile trypsin inhibitors and lectins were 
totally destroyed after heat treatments (Table 1.4). According to Mohan and 
Janardhanan, 1993，the calorific value of V. sinensis seeds was 376.11 Kcal/lOOg dry 
mass. 
In another study by Chan (2000), the antioxidant activity of V. sinensis seeds 
was found to be relatively high in comparison with twenty-four common edible 
legumes (Table 1.5). Moreover, Comet assay showed that the extract of V. sinensis 
seeds was effective in reducing the H2O2- medicated DNA damage in mouse blood 
. cells. The protective effects were found in both co-incubation and pre-incubation 
> 
systems, which suggested the antioxidants components in the seed could be taken up 
by the cells and remained stable within the cells. In additional to the nutritional value, 





Table 1.1 Examples of functional foods designated as functional and some of 
their bioactive components 
Functional foods Bioactive components 
Fruits and vegetables: 
Carrot Alpha-carotene, beta-carotene, 
phenolic acids (chlorogenic acid), 
beta-sitosterol, stigmasterol，lycopehene 
Red grapes Anthocyanins, tannic acid, 
flavonols (quercetin, myricetin), beta-sitosterol 
Broccoli Beta-carotene, beta-cryptoxanthin, lutein, 
flavonols (quercetin, kaempferol) 
Garlic ^-allyclcystsine, 5"-allymercaptocysteine, 
saponins 
Onion Flavonols (quercetin), allyl sulfides (allicin), 
beta-sitosterol, campersterol 
Soybeans/ soy products Isoflavones (genistein, daidzein, glycitin), 
beta-sitosterol, campesterol, stigmasterol 
Others: 
t 
Red wine Anthocyanins, flavanols (catechins), 
flavonoids (quercetin, myricetin), resveratol 
Green/ black tea Flavans (catechin), flavonols (quercetin), tannins 
6 
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Fiber ‘ 15.3% 
Mineral 2.0% 
Moisture 12.0% 




Table 1.3 Amino acid composition of V. sinensis seeds before and after heat 
treatment (g/lOOg protein) 
Amino acid Raw seeds Heat treated seeds 社 
Essential: 
Cyst(e)ine 1.18 1.09 
Histidine 2.58 2.51 
Isolecine 3.49 3.60 
Leucine 6.40 6.56 
Lysine 5.72 5.51 
Methionine 0.59 0.66 
Phenylalanine 4.24 4.24 
Threonine 3.25 3.38 
Tryptophan 0.51 0.51 
Tyrosine 2.62 2.69 
Valine 4.27 4.46 
Nonessential: 
Alanine 3.55 3.73 
Arginine 6.18 6.10 
Aspartic acid 10.44 10.13 
Glutamic acid 14.89 15.03 
, Glycine 3.52 3.72 
Proline 4.05 3.84 
Serine 4.30 4.33 
Heat treated seeds were obtained after autoclaved at 1 2 r c with distilled water 
(1： 1) and dried at 80�C overnight. 
(With source of data: Foo, 1999). 
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Table 1.4 Antinutrient content of V. sinensis seeds before and after heat 
treatment 
Antinutrients Raw seeds Heat treated seeds # 
Trypsin inhibitor (mg/g) 1.6 N.D. 
Tannins (mg/g) 61.5 - 40.1 
Phytate (mg/g) - 74.1 87.1 
Lectins (|Lig/g) 74.1 N.D. 
Heat treated seeds were obtained after autoclaved at 1 2 r c with distilled water 
(1: 1) and dried at 80�C overnight. 




Table 1.5 Common and scientific names of twenty-four edible legume seeds 
in the antioxidant activities study 
Common Name Scientific Name 
Adzuki bean Figna angularis (Willd.) Ohwi & Ohaski 
Cowpea Vigna unguiculata L. 
Mung bean Vigna radiata (L.) Wilczek 
Rice bean Vigna umbellate (Thunb.) Ohwi & Ohaski 
Haumeitau bean Vigna sinensis 
Great Northern bean Phaseolus vulgaris 
Green limas bean Phaseolus lunatus L. 
Pinto bean Phaseolus vulgaris 
Red kidney bean - Phaseolus vulgaris L. 
White kidney bean Phaseolus vulgaris L. 
Faba bean Vicia faba L. 
Fava bean Vicia fava L. 
Green lentils bean Lens culinaris Medik 
Red lentils bean Lens culinaris Medik 
Chick pea Cicer arietinum L. 
Hyacinth bean Dolichos lablab 
Large lupine bean Lupinus luteus L. 
Soybean Glycine max (L.) Merr. 
Canary bean Not available 
Flageoles bean Not available 
Romano bean Not available 
Swidish brown bean Not available 
Yellow eye bean Not available 




Purification of phenolic antioxidants from V. sinensis seeds 
2.1 Introduction 
Dietary factors are considered as important factors that contribute to the health 
conditions of human. In additional to nutritional properties of food, it is generally 
believed that 'bioactive' components in various 'functional food' are possessing 
health-promoting effects. It is suggested that dietary antioxidants can protect human 
body from reactive oxygen species (ROS) attack, such that ROS reactions are found 
to be associated with the causation of many human chronic diseases, including 
cancer，cardiovascular disease and some age-related diseases (Anderson and Philips, 
1999; Fanga et ai, 2002; Granot and Kohenb, 2004; Langseth, 1995; Zhu et ai, 
2004). Among various dietary antioxidants, biologists are conducting very intense 
studies on polyphenols. Polyphenols are found ubiquitous in plant and many of them 
are reported to possess significant antioxidant activities (Duthie et aL, 2000; Higdon 
and Frei, 2003; Holasova et ai, 2002; Kris-Etherton, 2002; Sanchez-Moreno et aL, 
2000). 
Previous studies showed that the V. sinensis seed extract possessed significant 
antioxidant activity and protective effect on hydrogen peroxide mediated DNA 
damage (Chan, 2000). Therefore, the aim of the present study in this chapter was to 
purify the phenolic antioxidants from V. sinensis seeds. 
11 
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2.1.1 Reactive oxygen species and antioxidants 
During the past decade, free radicals, reactive oxygen species (ROS) and 
antioxidants have been widely studied. In our body, reactive oxygen species (ROS) 
are continuously produced as by-products of aerobic metabolism in normal cells. 
These ROS will act as oxidants, which have tendency to donate oxygen to other 
substances, and many of the ROS are actually free radicals. Free radical is defined as 
any species capable of independent existence (or the term 'free') that contains one or 
more unpaired electrons (Gutteridge and Halliwell, 1994). Superoxide anion (O2'), 
nitric oxide radical (NO.) and hydroxyl radical ( OH) are examples of important ROS. 
While some other ROS found in living organisms are shown in Table 2.1. 
If these highly reactive ROS are not inactivated, their highly reactive chemical 
properties can lead to damages to all types of cellular biomolecules in our body, 
including proteins, carbohydrates, lipids and nuclear DNA. Examples of ROS 
damages to biomolecules and related natural repair systems are shown in Table 2.2. 
Since these oxidative damages to important biomolecules are deleterious pathways, 
ROS reactions are believed to be associated with the causation of many human 
chronic diseases. 
In human body, there are several defense mechanisms against ROS. The first 
line of antioxidative defenses is provided by enzymes in cellular level. Glutathione 
peroxidases, superoxide dismutases and catalase are three most important enzymes < 
(Gutteridge and Halliwell, 1994). 
12 
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These three enzymes can successfully decrease the concentration of most 
harmful oxidants in our body and some of their actions are as follow: 
Glutathione peroxidases are the major peroxide-removing enzymes in human 
body. They remove H2O2 at a high rate by oxidizing glutathione (GSH) into 
oxidizing glutathione (GSSG). 
Glutathione peroxidases 
2GSH + H2O2 • GSSH + 2H2O 
Superoxide dismutases can catalytic decomposition of the superoxide radical to 
hydrogen peroxide and oxygen. 
Superoxide dismutases 
202 + 2H+ • H2O2 + O2 
Catalase removes H2O2 by catalyses the breaking down of H2O2 directly to O2 
Catalase 
2H2O2 ^ O2 + 2H2O 
» 
On the other hand, dietary antioxidants acquired from diet act as the second line 
of oxidative defense. Antioxidants are any substance that delays or inhibits oxidative 
damage to target molecules. They can prevent oxidations by removing catalysts, 
being preferentially oxidized, interacting with reactive ROS or inhibiting lipid 
peroxidations (Gutteridge and Halliwell, 1994; Lopaczynski and Zeise, 2001). 
13 
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In human diet, dietary antioxidants can be recognized as essential and 
nonessential, both of them are able to oxidize oxidants and hence reduce damages. In 
addition, synthetic antioxidants like BHA and BHT are widely used as food additives, 
but their application has been reassessed due to their potential carcinogenic effects. 
Therefore, finding safe and powerful natural antioxidants are very important, 
whereas tocopherols, ascorbic acids and certain carotenoids are the most well known. 
Recent studies found that oil, oilseeds, oats, fruits and vegetables, herbs, tea, red 
wine and cocoa possessed natural antioxidant ingredients. In oil and oilseeds, the 
natural antioxidant ingredients were found to be tocopherols and plant sterols. While 
in oats, phenolic acids and phytic acids were considered as the main antioxidant 
ingredients. In fruits and vegetables, certain natural antioxidants were found, such as 
ascorbic acids, plant sterols, carotenoids and flavonoids. In herbs, tea, red wine and 
cocoa, various phenolic compounds played the main role as antioxidants. In addition, 
some amino acid and peptides were reported to possess antioxidant power in 
mackerel (Demo et al, 1998; Holasova'er al., 2002; Morean et al.’ 2002; Wu et ai, 
2003). Examples of dietary natural antioxidants and related food sources are shown 
in Table 2.3. Thus, a wide variety of the natural food ingredients are possessing 
antioxidant abilities. However, among various dietary antioxidants; biologists are 
conducting very intense studies on plant polyphenols. Many of them were reported to 
possess antioxidant activities and hence decrease the oxidative damage to lipids, 
) 
proteins and DNA (Duthie et al, 2000; Higdon and Frei et al., 2003; Holasova et ai, 
2002; Packer et al, 1999; Sanchez-Moreno et al, 2000). A large class of 
polyphenols called flavonoids is even more popular amount biologists because of 
their great availability and therapeutic values. 
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2.1.2 Phenolic flavonoids 
Plant flavonoids are a group of C15 aromatic plant pigments. They are important 
plant secondary metabolites which are biosynthesized via a confluence of the well 
established acetate/malonate and shikimate pathway. Now, over 5000 different 
naturally occurring flavonoids have been identified and described. We can find 
flavonoids in fruits, vegetables, nuts, seeds, stems, flowers as well as tea and wine, 
and they are prominent components of citrus fruits (Havsteen, 2002; Packer et ai, 
1999; Pretorius, 2003; Rice-Evans and Packer, 1998). Therefore, they are an 
important part of human diet. On average, the average daily intake is estimated to be 
around 23-170 mg which depends greatly on diet compositions (Justesen et al, 1997； 
Wildman，2001). In the Netherlands diet, 29% of the total flavonoids intake was 
came from onions. In onions, quercetin was found in high concentrations as its 
glycosidic forms, 4'-O-y0-D-glucoside and 3,4'-di-0-y^D-glucoside (Caldwell et al., 
2000). 
Flavonoids may exist in forms of monomeric, dimeric or oligomeric, which 
vary greatly in molecular weight. They have high diversity in derivative forms due to 
multiple hydroxylation, methylation, glycosylation and acylation in various positions. 
The differences between classes are due to the changes in ring C and in the number 
and position ofhydroxyl and methoxyl groups in ring A and B. The basic structure of 
> 
flavonoids, which is the common skeleton of flavan nucleus, is shown in Figure 2.1. 
The first ‘A，ring is aromatic, the second 'C ' ring is oxygen containing heterocyclic 
ring attached by a carbon-carbon bond to a third aromatic 'B ' ring (Packer et ai, 
1999; Rice-Evans and Packer, 1998). 
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Flavonoids are commonly classified into six major classes: flavanones (mainly 
found in citrus fruits), flavones (mainly found in vegetables), flavonols (found in all 
fruits and vegetables), isoflavonoids (mainly found in legumes), anthocyanins 
(mainly found in fruits) and flavans (also called catechin, mainly found in fruits and 
tea) (Peterson and Dwyer, 1998; Rice-Evans and Packer, 1998; Ross and Kasum, 
2002). The basic structures of these six classes and their common food sources are 
shown in Table 2.4. In general, the concentration of each class varies greatly in 
different food. For example, anthocyanins content in fruits is the highest, while 
flavonols are predominant in fruits and vegetables (Packer et aL, 1999). The contents 
of anthocyanins and flavonol in different food sources are shown in Table 2.4. 
Flavonoids also play an important role in plant biochemistry and physiology. 
They act as antioxidants, light screens antibacterial, antiviral and activation of 
bacterial nodulation genes involved in nitrogen fixation and interact with plant 
growth hormones and regulators (Harbome, 1986; Havsteen, 2002; Sakihama et aL, 
2002; Winkel-Shirley, 2002). Another best-established function is the production of 
colours for attracting pollinators, which contribute to the dispersion of seeds 
(Harbome et aU 1975; Inderjit, 1999). 
In the past decade, biologists are conducting very intense studies on flavonoids 
because flavonoids have great therapeutic values. Flavonoids have been recognized 
to posses anti-allergic, anti-inflammatory, anti-viral, anti-atherosclerosis, anti-
proliferative activities, inhibit lipid oxidations and even act as phytoestrogens (for 
isoflavonoids) (Havsteen, 2002; Riga et aL, 2003; Meyers et al., 2003; Packer et aL, 








� A 丁 C p 6, 
5 4 -




Table 2.1 Examples of important reactive oxygen species (ROS) in living 
organisms 
Important reactive oxygen species (ROS) in living organisms 
Free radicals: 
Hydroxy radical OH' 
Superoxide radical O2 " 
Nitric oxide radical NO' 
Lipid peroxyl radical LOO" 
Nonradicals: 
Hydrogen peroxide HzO:' 
Singlet oxygen 'O2 








Table 2.2 Examples of biomolecules damaged by reactive oxygen species (ROS) 
and related repair systems in human 
Molecule damaged Type of damages Natural repair 
by reactive oxygen and related diseases mechanisms in human 
species 
DNA Changes in the purine or DNA repair enzymes 
pyrimidine bases of DNA repairs damages detected. 
Damages on the deoxy- If the DNA damages are 
ribose sugar of DNA unable to repair, the 
damages cells will be 
Breakage of the DNA eliminated by body 
(single-strand breaks or naturally 
double strand breaks) 
Increased chance of cancer 
incidences due to mutation 
Proteins Breakage of backbone and Special enzymes in our 
oxidation of thiol (-SH) body recognize 'abnormal' 
groups of proteins proteins and destroy them 
Decrease enzymes activities 
or malfunction of enzymes 
resulted 
Lipids Damage to membrane-bound Normal 'turnover', repair 
“ proteins and replace of membrane 
compartments 
Oxidative injury of LDL 
, and lipids oxidation which Regulation by monocyte/ 
enhanced the chances of macrophage in blood 




Table 2.3 Examples of dietary natural antioxidants and related food sources 
Source Natural antioxidants 
Soybeans Isoflavonoids, phenolic acids 
Green tea/ black tea Catechins, epigallocatechin gallate and thearubigens 
Coffee Phenolic esters 
Red wine Revseratrol, phenolic acid and flavonoids 





Oats Phenolic acids and phytic acids 
Cocoa Tannins 





Table 2.4 Basic structures of six classes of flaovnoids and their common food 
sources 
Flavonoid subcalsses Examples Food sources 
Flavanone 
Hesperetin, Fruits: 
^ c ： ^ Naringenin Oranges, lemons, 
^ grapefruits 
Legume: 








, ^ ^ ^ Kaempferol, Apples, grapes, 
Myricetin 
Vegetables: 
JL JL Onions, broccoli, 
^ ^ OH 
t A 
^ Red wine, green tea 
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Flavonoid subcalsses Examples Food sources 
Isoflavonoids 
Genistein, Legumes: 
Glycitin, Soybean, chickpeas, 






Delphinidin Grapes, blueberries 
Petunidin 
+ Red wine 
Flavan 
Catechin, Frutis: 
Epigailocatechin, Apples and plumes 
Epigallocatechingallate 




Table 2.5 Contents of anthocyanins and flavonol in different food sources 
Total anthocyanins Total flavonol 
Food/ beverage 
[mg/lOOg (ml)] [mg/lOOg (ml)] 
Fruits: 
Blueberry 25-495 2-3 
Cherry 350-450 2 
Vegetables: 
Onion ‘ 35 
Red onion 9-21 
Beverages: 
Red wine lOrlOO 1-10 
Green tea 3-5 
Black tea 2-5 
a Values expressed on a fresh weight basis or as consumed [mg/lOOg (ml)]. 




2.2 Materials and Methods 
— 
2.2.1 Chemicals and reagents 
Absolute ethanol (AR grade), absolute methanol (AR grade), absolute hexane 
(AR grade) and absolute acetone (AR grade) were purchased from LabScan 
(Thailand). 
(+) Catechin (C1251, Sigma), Diaion HP-20 resin (13605, Sigma), 
Folin-Ciocalteu's phenol reagent (F9252, Sigma), manganese(IV) oxide (Ml656， 
Sigma), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 
(A1888, Sigma), butylated hydroxyanisole (BHA) (B1253, Sigma) and 
2,6-di-tert-butyl-4-methylphenol (BHT) (B1378, Sigma) were purchased from 
Sigma (USA). Sodium carbonate (31432, RDH) was purchased from Riedel-de Haen 
(USA). Trolox (±)-6-hydroxy-2，5,7，8-tetramethyl- chroman-2-carboxylic acid was 
purchased from Fluka (Switzerland). 一 
All flavonoids studied in this project were commercially available, quercetin 
(P-102, Indofine), quercetin-3-O-glucoside (020062, Indofine) were purchased from 





2.2.2 Plant material 
Hakmeitau bean is a black-seed cultivar of Vigna sinensis. The appearance of V 
sinensis seeds is shown in Figure 2.2. These pigmented seeds were the plant 
materials selected to study and they are obtained from local suppliers in Hong Kong. 
2.2.3 Optimization and extraction of V. sinensis seeds constituents 
In preliminary test, whole seeds of V. sinensis were grounded into powder by 
mill (Cyclotec 1093, Tecator, Sweden, with screen 0.5mm) and immediately 
extracted with 80% ethanol and 80% methanol in 1:5 w/v ratios respectively. 
Extraction was carried out for 24 hr with continuous shaking (100 rpm) at room 
temperature. The yields of phenolic flavonoids in the extracts were monitored 
spectrophotometrically (Milton Ray, Spectronic Genesys 5). At 0，4, 8 16 and 24 
hours, extracts were withdrawn, the abserbance at 270 nm and 360 nm was measured 
after 1:50 v/v dilution with pure ethanol or methanol. 
In the extraction of V. sinensis seeds, whole seeds were grounded into powder 
by mill (Cyclotec 1093，Tecator, Sweden, with screen 0.5mm) and immediately 
extracted with 80% methanol in 1:5 w/v ratios. Extraction was carried out for 16 
hours with continuous shaking (100 rpm) at room temperature. The methanolic 
extract was filtered twice with Whatman filter papers (No. 1 and No. 4) and 
concentrated by vacuum rotary evaporator (Buchi, series RE 111) at 45�C. The 
residue was re-dissolved in distilled water in 1:10 w/v ratios and extracted with 
hexane in 1:1 v/v ratios. The hexane layer was discarded and the aqueous layer was 
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concentrated and lyophilized into powder as the crude extract. A flow chart showing 
the extraction of K sinensis seeds is shown in Figure 2.3. " 
2.2.4 Chromatographic separation of phenolic components 
The crude extract of V. sinensis seed was further purified by Diaion HP-20 
chromatography. This synthetic adsorbent resin allowed the separation of 
non-phenolic and phenolic compounds by the specific absorption nature of the resin 
in different solvents. 
About 80 g resin was pre-packed with distilled water in a round glass column (3 
cm X 3 cm X 24 cm), crude extract was loaded. Firstly, distilled water was used to 
elute the most of the unbounded non-phenolic components, until the effluent was 
clear, pure methanol was used to elute the bounded phenolic components. The 
distilled water effluent was concentrated and the whole process was repeated once 
again. The final distilled water effluent was concentrated and lyophilized, which was 
collected as non-phenolic fraction. On the other hand, the final methanolic fraction 
was concentrated and lyophilized, which was collected as phenolic fraction. A flow 





2.2.5 Determination of phenolic contents 
The phenolic contents in various K sinensis seed fractions were determined by 
the means of Folin-Ciocalteu reagent. Any phenolic compounds presented in the 
samples will react with the reagent mixture. The resultant color developed is directly 
proportional to the amount of phenolic compounds presented. Since different 
phenolic compounds react in a different degree, expression of results as single 
standard equivalence is necessary arbitrary (Singleton et al, 1999; Jayaprakasha et al 
2003). 
In this assay, (+) catechin was used as standard. (+) Catechin and various 
fractions of V. sinensis seed were dissolved in a 10 ml mixture of acetone and 
distilled water in 6:4 v/v ratios respectively. 0.2 ml samples solutions were mixed 
with 1.0 ml of 10-fold diluted Folin-Ciocalteu reagent and 0.8 ml of 7.5% sodium 
carbonate solution. After standing at room temperature for 30 min, absorbance was 
measured at 765 nm using a spectrophotometer (Milton Ray, Spectronic Genesys 5). 
The absorbance reading of all the tested compounds assayed had been determined to 
be within the range of the (+) catechin standard curve. Results were carried out in 
triplicate and the concentration of total phenolic compounds in samples was 




2.2.6 Determination of free radical scavenging ability using trolox equivalent 
antioxidant capacity (TEAC) assay 
The antioxidant activities of various V. sinensis seed were examined using the 
trolox equivalent antioxidant capacity (TEAC) assay. By the method of Miller et al. 
(1996)，the free radical scavenging abilities of antioxidants could be measured. This 
method is based on the inhibition of the absorbance (734 nm) of the 2,2'-azinobis 
(3-ethylbenzothiazoline-6-sulphonic acid) radical cation (ABTS +) by antioxidants. 
In this assay, trolox (6-hydroxy-2,5,8-tetramethyl-chroman-2-carboxylic acid), a 
water-soluble vitamin E analogue was used as standard. The trolox equivalent 
antioxidant capacity (TEAC) was determined, which reflected the relative ability of 
antioxidants to scavenge the ABTS+，generated in the aqueous phase, in the 
comparison with the antioxidant standard Trolox. By definition, the TEAC value was 
the millimolar concentration of Trolox with the same antioxidant activity as 1 mM 
concentration of the substance under investigation. 
By passing a 5mM aqueous stock solution of ABTS (2,2'-azinobis 
(3-ethylbenzothiazoline-6-sulphonic acid diammonium salt) through manganese 
dioxide (MnOi) with Whatman filter papers (No. 4), ABTS + radical cations were 
‘ prepared. Excess MnO? was removed after passing through a 0.2^M Whatman 
t 
PVDF syringe filter and pre-incubated at 30°C. The filtered solution was then diluted 
in a 5 mM phosphate buffered saline (PBS) at pH 7.4 to an absorbance of 0.7 (土 0.03) 
at 73.4nm shortly before use. 
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Trolox and various seed fractions were dissolved in PBS and other phenolic 
compounds standard were dissolved in methanol. Each samples would tested for six 
different concentrations in terms of mg/ml. SO i^l Trolox or test compounds solutions 
was added to aliquots of 1ml of ABTS + solution, each solution was vortexed for 
exactly 30s. The absorbance was taken at 734nm at exactly Imin after the initiation 
of mixing. Decrease in absorbance at 734nm was recorded at an interval of 30s for 
up to 6min using a spectrophotometer (Milton Ray, Spectronic Genesys 5) at 30�C. 
The dose-response curve for Trolox was obtained by plotting the absorbance at 
734nm as a percentage of the absorbance of the remaining ABTS + solution against 
concentration. All samples were assayed in triplicate. By using the Trolox 
dose-response curve, the Trolox equivalent antioxidant capacity (TEAC) value of 
was de termined. -
2.2.7 Statistical analysis 
The results were presented as mean 土 standard deviation (S.D.) and analyzed by 







2.3 Results and Discussion 
2.3.1 Optimization on the extraction of V. sinensis seeds 
Since in previous study, methanolic extract of V. sinensis seed have showed 
significant antioxidant activities and protective effects on hydrogen peroxide 
mediated DNA damage assessed by Comet Assay (Chan, 2000). Therefore, two 
solvents, 80 % ethanol and 80 % methanol, were selected to perform an optimization 
test for the extraction of V. sinensis seeds. The yields of phenolic flavonoids in the 
extracts were monitored spectrophotometrically by measuring the absorbance at 270 
run and 360 nm. The higher the absorbance reading, the greater the amount of 
flavonoids presented. The absorbance at 270 nm and 360 nm was chosen because 
ultraviolet-visible was a simple method for detection of flavonoids. A maximum 
absorbance in the 210 nm to 290 nm was arising from ring A, another maximum in 
the 320 nm to 380 nm was arising from the B ring (Havsteen, 2002; Packer, 2001). 
In both extraction solvents tested; the absorbance at both 270 nm and 360 nm 
increased rapidly within the first 4 hours, and reached the peak at 16 hours and than 
level off. Therefore, the optimal extraction time of both extraction solvents was 16 
hours. While in the methanolic extraction, the absorbance readings at both 270 nm 
and 360 nm were higher than the ethanolic extraction during the whole extraction 
process. For instant, at 16 hours, the absorbance at 270 nm for the methanolic 
> 
extraction was 0.765, while the absorbance read for the ethanolic extraction was 
0.599. Therefore, the methanolic extraction was more efficient than ethanolic 
extraction by using the same extraction time. Effects of extraction time and solvents 
on the extraction of V. sinensis components are shown in Figure 2.5. By the 
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optimization test, 80% methanol was chosen as the extraction solvent and 16 hr was 
chosen as the optimal extraction time for the extraction of V. sinensis seeds. 
2.3.2 Extraction and fractionation of V. sinensis seeds constituents 
Although there are wide varieties of antioxidative natural food components, 
phenolic compounds especially flavonoids are generally believed to possess high 
antioxidant activities and therapeutic values. Therefore, the crude extract of V 
sinensis seed was further purified by Diaion HP-20 chromatography. This synthetic 
adsorbent resin allowed the separation of non-phenolic and phenolic compounds. 
After the chromatographic process, two fractions included the non-phneolic and 
phenolic fractions were obtained. 
2.3.3 Yields of various V. sinensis seed fractions 
After methanolic extraction, the yield of crude extract obtained from V. sinensis 
seeds was 5.75%, While the yield of non-phenolic and phenolic fractions obtained 
from V. sinensis seeds were 3.46% and 0.73% respectively. The yield of various 





2.3.4 Phenolic contents in various V sinensis seed fractions 
By the use of Folin-Ciocalteu reagent, the phenolic contents in various V. 
sinensis seed fractions were found. This assay is a simple and convenient test for 
comparing phenolic contents in different samples, but the interferences with other 
non-phenolic compounds like proteins are possible. Therefore, more sensitive and 
accurate assay methods like HPLC techniques could be employed for further 
analysis. 
In this assay, the phenolic content of crude extract, non-phenolic and phenolic 
fractions of V. sinensis seed (as catechin equivalents) were found to be 3.13, 0.30 and 
21.34% respectively. The phenolic fraction was found to possess the highest phenolic 
content, which was nearly 7-fold than that of the crude extract. Phenolic contents in 
various V sinensis seed fractions are shown in Table 2.7. 
We might conclude that, during the chromatographic process, the majority of 
phenolic compounds originally presented in the crude seed extract were effectively 
concentrated into the phenolic fraction and leaving negligible amount of phenolic 
compounds in the non-phenolic fraction. The purification process performed a 




2.3.5 Free radical scavenging abilities of various V. sinensis seed fractions 
The antioxidant activities of various V. sinensis seed fractions were determined 
by the trolox equivalent antioxidant capacity (TEAC) assay. The trolox equivalent 
antioxidant capacity (TEAC) values of all the tested samples were calculated by 
dividing the gradient plot of the percentage inhibition of absorbance against the 
concentrations of tested samples (in terms of mg/ml) by the gradient of plot for 
Trolox. 
The ABTS + radical cation scavenging activities of various V. sinensis seed 
fractions and selected standard antioxidant are shown in Figure 2.6. Results showed 
that quercetin exhibited the highest TEAC value (5.31 土 0.07), followed by BHT 
(2.40 土 0.01), BHA (1.85 土 0.05). The TEAC value for standard trolox was 1.00. In 
various seed extracts, the phenolic fraction (1.25 土 0.01) was found to possess the 
highest antioxidant activity which is comparable to trolox and BHA (a common 
synthetic antioxidant). However, the crude extract (0.12 土 0.00) and non-phenolic 
fraction (0.07 土 0.00) were found to possess relatively low antioxidant activities. We 
might conclude that the main active antioxidant components present in V. sinensis 
seed were phenolic compounds and they were concentrated in the phenolic fraction 







I h . ' I K iH ‘ 1" ! i < I I U > h ^ nl ！! ml ' ：丨 
< i 
丨 1 5 .  






V. sinensis seeds flour + 80% methanol (1:5, w/v) 
y 
Shaking for 16 hrs at 100 r.p.m at room temperature 
y 
Filtered and concentrated at 45°C by rotary evaporator 
y 
Re-dissolved in distilled water (1:1，v/v) 
• 
Extracted with hexane 
i  
T t 
Hexane layer Aqueous layer 
• I 





Figure 2.3 The flow chart showing the extraction of V. sinensis seeds. 
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Pre-packed Diaion HP-20 synthetic adsorbent resin 
• 
Saturated with distilled water 
y 
Loading of crude seed extract 
y 
Washed with distilled water 
T 
Washed with methanol 
• t 
Concentrated distilled water effluent Total methanolic effluent 
(Repeated the process once) 
Concentrated and lyophilized 
T I 
Total distilled water effluent Total methanolic effluent 
T t 
Concentrated and lyophilized Concentrated and lyophilized 
• I 
Non-phenolic fraction Phenolic fraction 
t 
Figure 2.4 The flow chart showing the purification of crude extract of V. sinensis 













































































































































































































































































































































































































Table 2.6 Yield of various fractions extracted from V. sinensis seeds 
Fractions Dry weight (g) Yield (%) 
Seed 240 — 
Crude extract 13.8 5.75 
Non-phenolic fraction 8.31 3.46 






Table 2.7 Phenolic contents (as catechin equivalents) of various V. sinensis seed 
fractions 
Percentage phenolic content (%, w/w) 
Fractions 
� (as catechin equivalents) 
Crude extract 3.13 土 0.02 • 
Non-phenolic fraction 0.30 土 0.00 
Phenolic fraction 21.34 +0.20 






The effects of V. sinensis seed extract on high fat and 
cholesterol-feeding mice 
3.1 Introduction 
Coronary heart disease (CHD) is one of the major causes of morbidity and 
mortality in the western world, but the actual etiology is complex. It is generally 
agreed that the primary cause is atherosclerosis. In the past decade, it is believed 
that the major risk factors for CHD included age, family history of CHD, gender, 
cigarette smoking, dyslipidemia, hypertension, hypercholesterolemia and diabetes 
(Bums, 2003; Fodor and Tzerovska, 2004; Schaefer et ai, 1995; Scott, 2004). 
In order to reduce the risk of CHD, one way is to decrease the blood cholesterol 
level. Evidence for a hypocholesterolemic effect of legumes on raised cholesterol 
levels in animal models and man has accumulated in recent years (Dabai, 1996， 
Macarulla et cd” 2001; Fruhbeck et a/., 1997; Jenkins et al., 2001; Marzolo et al, 
1993). 
Besides blood cholesterol level, the protection of low-density lipoprotein (LDL) 
‘ from reactive oxygen species (ROS) oxidation is considered as another way. 
Therefore, effort is made by scientists to identify natural food components which can 
offer an antioxidant defense and also safe to consume. As V. sinensis seeds possess 
high antioxidant activity, the objective of the work described in this chapter was to 
I 
study the potential hypocholesterolemic effect of V. sinensis seeds. 
41 
Chapter Three 
3.1.1 Cholesterol in bloodstream circulation 
All animal cells share a common need on cholesterol for proper growth and 
metabolism. Cholesterol in bloodstream circulation exists in association with 
phospholipid and certain proteins to form liproprotein. There are two major plasma 
protein families, the apolipoproteins A (apoA) and apolipoproteins B (apoB), both of 
them are involved in blood cholesterol transportation. For apoA, it is the main 
protein of plasma high-density lipoprotein (HDL). It is an avid acceptor of 
cholesterol and promotes sterol removal from body cells and mediates the transport 
to liver. For apoB, it is an integral component of chylomicrons, very low, 
intermediate and low-density lipoprotein (the VLDL, IDL and LDL). It delivers 
cholesterol and triglyceride load to peripheral parenchymal cells for structural and 
metabolic usage. Nearly 70% of cholesterol which circulates in the human 
bloodstream is associated with LDL (Eastwood et al, 1992). 
It is reported that both elevated low-density-lipoprotein (LDL) cholesterol level 
(>4.1 mmol/L or 160 mg/dL) and decreased high-density-lipoprotein (HDL) 
cholesterol level (<0.09 mmol/L, or 35mg/dL) in human have high risk for the 
incidence of CHD. In contract, CHD is uncommon in populations with serum total 




3.1.2 Relationship between LDL oxidation, atherosclerosis and 
coronary heart disease (CHD) 
Atherosclerosis is the thickening and hardening of the blood vessel walls 
resulted from the hardening of soft deposits in intra-arterial fat and fibrin (Jialal and 
Devaraj, 1996; Parthasarathy et al., 1998). The process of atherosclerosis begins with 
the accretion of soft fatty streaks along the inner arterial walls. During the past 
decade, hypercholesterolaemia has been regarded as one of the major causes 
(O'Keefe et al, 2004; Schaefer et al” 1995). Besides blood cholesterol level, 
experimental and clinical reports also indicated the oxidation of LDL by reactive 
oxygen species or via the process of oxidative injury is another important cause. 
Under the LDL oxidation hypothesis, it is predicted retentive oxidative evens 
triggers some biochemical changes in monocyte/ macrophage and lead to excessive 
lipid deposition in the arterial walls. Under normal conditions, macrophages have 
few LDL receptors which are down-regulated when there is an increase in native 
plasma LDL concentration and hence they are unable to act as a lipid or cholesterol 
donor. However, it was found that oxidative modified LDL is chemotactic for 
macrophages and monocytes. This oxidized-LDL could be recognized by specific 
scavenger receptors on the macrophages and will be endocytosed at a higher rate in 
an unregulated way. Subsequent loading with a large amount of cholesterolesters in 
‘ these macrophages formed ‘foam cells'. This resulted in an over accumulation of 
I 
LDL in subendothelial cells and initiates atherosclerosis (Heller et al., 1998; Aviram 
and Fuhrman, 1998; Wildman, 2001). The process of LDL oxidation and initiation of 
atherosclerosis under the LDL oxidation theory is shown in Figure 3.1 
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3.1.3 Diet supplements with beneficial effects on preventing coronary 
heart disease 
Since hypercholesterolemia has been ranked as one of the major risk factors in 
the development of coronary disease, natural food components which possess 
hypocholesterolemic effects are intensively investigated by scientists. In addition, 
studies of other food components which can offer antioxidant defense against LDL 
oxidation are also warrant. 
A diet supplements (for 42 days) of either tangerine-peel extract or a mixture of 
two flavonods (naringin and hesperidin, 0.5g/100g) under a high high-cholesterol 
diet could significantly lowered the level of rat plasma lipids, hepatic lipids and 
triglyceride. For the hepatic enzymes, the activities of 3-hydroxy 1-3-methyl-glutaryl-
CoA (HMG-CoA) reductase and acyl CoA: cholesterol O-acyltransferase (ACAT) 
were significantly lower. The excretions of fecal neutral sterols were also reduced. 
These results suggested the diet supplement of flavonoids could increase the 
utilization efficiency of exogenous cholesterol and in term regulates the cholesterol 
biosynthesis (Bok et al, 1999). 
Besides the experiments on rats, another study showed a replacement of 
drinking water with orange juice and grapefruit juice could influence cholesterol 
‘. metabolism in rabbits with pre-raised LDL cholesterol levels. Orange juice used in 
I 
the study contained 170-580 mg hesperetin/L and grapefruit juice contained 
230-670mg naringenin/L. Both juices reduced the serum LDL cholesterol and 
hepatic cholesterol ester levels significantly. It was suggested the reduction of LDL 
cholesterol level maybe associated with the total liver cholesterol ester reduction 
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(Kurowska et aL, 2000). 
In addition, clinical reports indicated a negative correlation between tea 
consumptions and incidence of coronary heart disease (Cadenas and Packer, 2002). 
In a study on mildly hypercholesterolemic adults, it was found that the inclusion of 
black tea in a moderately low fat diet reduced the serum total and LDL cholesterol 
levels significantly (Davies, et al., 2003). 
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Figure 3.1 Process of LDL oxidation and initiation of atherosclerosis under the 
LDL oxidation theory (Adapted from: Wildman, 2001). 
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3.2 Materials and Methods 
3.2.1 Chemicals and reagents 
Absolute ethanol (AR grade), methanol (AR grade), chloroform (AR grade) 
were purchased from LabScan (Thailand). 
The crude extract of V sinensis seed as described in Chapter Two was used for 
this Bioassay. Triton X-100 (T8787, Sigma), sodium cholate (C6445, Sigma) and 
cholesterol (C8503, Sigma) were purchased from Sigma (USA). Lard (Armour, USA) 
was purchased from local supermarket. 
The serum glucose (25-100, Sigma), serum total cholesterol (401, Sigma), 
high-density-lipoprotein cholesterol (352-4, Sigma) assay kits were purchased form 
Sigma (USA). The glucose (25-100, Sigma), cholesterol (C0284, Sigma) and HDL 
cholesterol standard (H 8020, Sigma) were purchased form Sigma (USA). The serum 
triglyceride (Biosystem, 11529) assay kit and triglycerides standard (11729, 





3.2.2 Preparation of diets 
According to Anila and Vijayalakshmi, 2002; Anila and Vijayalakshmi, 2003; 
Koshy et al., 2001, a high fat and cholesterol diet was used to study 
hypocholesterolemic or hypolipidermic effects in rats. With some modifications, the 
diet composition used in this study was as follows: 83% rodent chow (Prolab® RMH 
2500, PMI Nutrition International, Inc., USA), 15% lard (Armour, USA) and 2% 
cholesterol (C8503, Sigma). 
3.2.3 Animals 
Male balb/c mice, 3 to 4 weeks of ages, were supplied from the Laboratory 
Animal Services Center, The Chinese University of Hong Kong. The animals were 
housed individually in suspended wire-bottom cages and maintained in a controlled 
environment (22-25°C) with 12 hour of light and dark cycle. Rodent chow and water 





3.2.4 Feeding experiments 
The experimental period was 30 days. Male balb/c mice were randomly divided 
into three groups of seven mice. All mice were free access to prescribed diet and tap 
water during the experimental period. 
Group I was treated as control, while group II and group III were test groups. 
Group I was administered daily with 0.1 ml distilled water by gastric intubation. 
Group II was administered daily with crude seed extract at a dose of 1.5g kg BW 
by gastric intubation. Group III was administered daily with crude seed extract at a 
dose of 3g kg ' ' BW by gastric intubations. Food intakes and body weights of each 
group were recorded weekly during experimental periods. 
At the end of experiment, all mice were sacrificed after an overnight fast. Blood 
was collected by heart puncture and serum was collected after centrifugation at 
3000g for 30 minutes at 4°C. Livers were collected in ice-cold container. Serum and 
liver obtained were stored at -70°C until further analysis. At necropsy, weights of 






2.2.5 Post-feeding analysis 
2.2.5.1 Caecal contents and health indices 
Caecal contents and organs including the kidney, liver and spleen were weighted. 
The indices which expressed the ratio of the organ weight to the body weight were 
calculated by the percentage of weight (organ/body) (Takahashi et al., 1997; 
Langley- Evans and Nwagwu, 1998; Bigot-Lasserre et al, 2003). As kidney, liver and 
spleen are important vital organs, any alternation of these health indices indicates 





2.2.5.2 Serum triglycerides 
Serum triglycerides levels were determined using the commercial diagnostic kit 
(11529, Biosystems). Triglycerides are first hydrolyzed by lipoprotein lipase to 
glycerol and free fatty acids. After series of enzymatic reactions, the resulting 
quinoneimine is colored and has an absorbance maximum at 500 nm. 
For the mice serum subjected to test, 10 \x\ serum samples/ triglycerides 
standard (11729，Biosystems) were added to 1 ml of reagent A (11529, Biosystems) 
and mixed gently. Pink color developed after incubation at 37°C for 5 min. 
Absorbance was taken at 500 run. The procedure is based upon the following 
coupled enzymatic reactions: 
Lipase 
Triglycerides + H2O ^ Glycerol + Fatty acids 
Glycerolkinase 
Glycerol + ATP ‘ ^ Glycerol - 3 - P + ADP 
Gycerol-3 -phosphate oxidase 




2H2O2 + 4 - Aminoantipyrine + 4 - Chlorophenol ^ Quinoneimine 




3.2.5.3 Serum total cholesterol 
Serum total cholesterol levels were determined using the commercial diagnostic 
kit (401，Sigma). For the mice serum subjected to test, 10 [i\ serum/ cholesterol 
standard (C0284, Sigma) was added to 1 ml of INFINITY cholesterol reagent (401, 
Sigma) and mixed gently. Color would be developed after incubation at 37�C for 5 
min. Absorbance was taken at 500 nm. The procedure is based upon the following 
enzymatic reactions: 
Cholesterol Esterase 
Cholesterol Esters ^ Cholesterol + Fatty Acids 
Cholesterol Oxidase 
Free Cholesterol + O2 ^ Cholest-4-en-3-one + H2O2 
Peroxidase 
2H2O2 + HBA+ 4AAP ^ Quinoneimine Dye + 4H2O2 
The intensity of the color produced in quinoneimine dye which has an 









3.2.5.4 High-density lipoprotein (HDL) cholesterol 
In plasma, cholesterol exists iri association with phospholipids and certain 
proteins to form liproprotein. They are intimately involved in transporting cholesterol 
through plasma. Cholesterol is the component of the low density lipoproteins (LDL), 
very low density lipoprotein (VLDL) and high density lipoprotein (HDL) fractions. 
In the high-density lipoprotein (HDL) cholesterol levels determination assay, 
LDL and VLDL were separated from HDL by selective precipitation. HDL 
cholesterol reagent (352-4, Sigma) used phosphotungstic acid and magnesium 
chloride (PTA/ MgCb) to precipitate LDL fractions. The subsequent supernatant that 
contained HDL was assayed for cholesterol using the commercial diagnostic kit (401 ’ 
Sigma) again. 
/ 
For the mice serum subjected to test, 10 [xl HDL cholesterol reagent (352-4, 
Sigma) was added to 50 mice serum and stood at room temperature for 5 min. 
Centrifugation at 3000g for 5 min was performed to obtain 10 \i\ supernatant. 10 
supernatant/ HDL cholesterol standard (H 8020，Sigma) were added to 1 ml 
INFINITY cholesterol reagent (401, Sigma) and mixed gently. After incubation at 






3.2.5.5 Low-density lipoprotein (LDL) cholesterol 
Serum low-density lipoprotein (LDL) cholesterol concentration was calculated 
by using the formula validated by Friedewald et al. (1972): 
LDL cholesterol = Total cholesterol - HDL cholesterol - Triglycerides/ 5 
This equation is applied in various experimental and clinical reports. Although 
it was originally designed for humans, it is also applicable to other animal models 





3.2.5.6 Hepatic lipid and cholesterol 
Hepatic lipid levels were determined according to Folch et al. (1957). One gram 
of liver was homogenized with 20 ml chloroform: methanol mixture (2:1, v/v) at 
5000 rpm for 2.5 min using a Polytron homogenizer (PT-MR 3000，Kinematica AG). 
The homogenate was then filtered into a 25 ml volumetric flask and made up to 25 
ml with chloroform: methanol mixture (2:1, v/v). The lost in weight of 10 ml extract 
after drying in a fume cupboard was taken as the liver lipid. 
The dried lipid residues were dissolved in 1 ml of ethanol for cholesterol 
content assays. Triton X-100 and sodium cholate solutions (in distilled water) were 
added to 200 [i\ of the dissolved lipid solution to produce final concentrations of 5 
g/L and 3 mmol/L respectively. The hepatic cholesterol levels were determined with 
the same enzymatic kit used in the serum content analysis (Bok et al., 1999; Lee et 
a/., 2003; Moon et a/., 2001). 
3.2.6 Statistical analysis 
The results were presented as mean 土 standard deviation (S.D.) and analyzed by 






3.3 Results and Discussion 
3.3.1 Food intakes and body weights of animals 
Throughout the experimental period, all mice in the control group and two 
treatment groups remained healthy and active. There was no significant difference in 
body weight among these groups. The changes in body weights of mice against time 
are shown in Figure 3.2. The average food intake per day of the three groups was 
similar (Table 3.1). These results indicated that the eating habits of the tested mice 
did not change, similar growth rate of all animals were observed. 
3.3.2 Caecal contents and health indices 
The caecal contents, the hepatosomatic indices (HSI), the spleenosomatic 
indices (SSI) and the renosomatic indices (RSI) were similar between control group 
and the two tested groups. The summary of caecal contents and health indices of the 
mice are shown in Table 3.2 and Figure 3.3 respectively. These results implicate that 






3.3.3 Effects of V. sinensis seed extract on serum and hepatic levels of lipid and 
cholesterol 一 
The level of serum triglyceride, total cholesterol, high-density-lipoprotein 
cholesterol and low-density-lipoprotein cholesterol and together with the levels of 
hepatic lipid and cholesterol between control group and the two tested groups were 
having no significant difference. The serum contents and the hepatic lipid/ 
cholesterol levels are shown in Figure 3.4 and Figure 3.5 respectively. 
Theoretically, a combined reduction in the levels of both serum total and LDL 
cholesterol would reduce the risk of coronary heart diseases in human (Grundy, 2000; 
Schasfer et al, 1995; Sprecher et al., 2003). Changes in serum lipids, hepatic lipids 
and cholesterol by diet supplements usually involved activity changes in hepatic 
enzymes. 3-Hydroxyl-3-methyl-glutaryl-CoA (HMG-CoA) reductase and acyl CoA: 
cholesterol O-acyltransferase (ACAT) are two key enzymes in cholesterol 
metabolism (Anila and Vijayalakshmi, 2002; Chan et al., 1999, Bok et al., 1999; 
Moon et al” 2001). HMG-CoA is the rate limiting enzymes in the cholesterol 
biosynthetic pathway, and the ACAT is responsible of the acylation of cholesterol 
into cholesterol ester, which influence the excretion of cholesterol from the liver. In 
many cases, inhibition of cholesterolgenesis was the result of the reduction in the 
activities of HMG-CoA reductase and ACAT. In addition to the inhibition of 
cholesterolgenesis, increased in excretion of faecal bile acid and neutral sterols often 
J 
account for the lowered level of cholesterol and lipid levels in serum and tissues 





In our experiments, no hypocholesterolemic effect of K sinensis seed extract 
was observed. These results agreed—with the findings of Lauridsen and Mortensen 
(1999), the diet supplemented with 1% quercetin (a commonly present flavonoids) 
(w/w) given to cholesterol-fed (1.5%) mice for a period of 6 weeks did not show any 
changes in serum total cholesterol, triglycerides, HDL cholesterol and LDL 
cholesterol. In another study by Frank et aL (2002), on changes in serum total 
cholesterol, triglycerides, HDL cholesterol and LDL cholesterol was observed in S.D. 
rats fed on a diet supplemented with 2 g/kg cyanidin-5-O-glucoside for a period of 4 
weeks. 
The results from treatment of seed extract on mice might be due to several 
reasons. Firstly, the phenolic compounds presented in the crude seed extract may not 
be high and/ or effective enough to induce a significant physiological change to the 
tested mice during the experimental period. Secondly, the experimental period of one 
month might not be long enough to bring a significant physiological change to the 
tested animal. 
Another point to note, the actual levels of serum cholesterol of the control group 
in our experiment were relatively low when compared with others work (Anila and 
Vijayalakshmi, 2002; Koshy et aL, 2001). Therefore, it might not be feasible to test 
the potential hypocholesterolemic effects of samples on normal cholesterol levels. 
) 
In addition, a preliminary feeding experiment was done on the +Lep严丨 +Lep严 
mice. These mice were homozygous for the diabetes spontaneous mutation of the 
leptin receptor gene, Lepr. Some features were observed on these mice, including 
I 
obesity, uncontrolled rise in blood sugar and depletion of the insulin-producing 
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beta-cells of the pancreatic islets. In the experiment, daily administration of crude 
一 extract of V. sinensis seeds was performed for 30 days. There were no conclusive 
results obtained due to poor health conditions of the tested animals. At the end of the 
experiment, all tested animal were weak and unhealthy, and there was a reduction of 
body weight of above 20% in all tested animals. These adverse health conditions 
might be due to the physical stress from repeated gastric intubation. Therefore, 
repeated gastric intubation of sample on +Lep/^/ +Lepr曲 mice was not 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.2 Caecai contents of mice after treatment of V. sinensis seed extract. 
Caecal content (g) 
Control 0.202 土 0.022 ‘ 
1.5g/kg 0.179 土 0.031 a 
3g/kg 0.192 土 0.018 a 
Results were means 土 standard deviations with n = 7. 
ab Values with the same alphabet are having no significant difference 






Chapter Four .. 
Chapter Four 
Antiproliferative activities of K sinensis seeds extracts 
4.1 Introduction 
Cancer is a leading cause of death in human populations over the world. It is the 
end point of multi-step process involving a sequence of events. The stages of 
carcinogenesis include initiation, promotion, and progression (Reeddy et al., 2003). 
DNA damage is considered as one of the critical factors in cancer development. 
Among these DNA damages, oxidative injury is considered as the most common way. 
Normally, DNA repair enzymes can repair most of the DNA damages, while 
unrepaired DNA lesions accumulate with age and hence increasing the risk of cancer 
(Eisenbrand, 2000; Langseth, 1995; Lin et al, 1999). 
In recent decade, experimental and clinical reports indicated that the increased 
intake of fruits, vegetables, soy and tea containing antioxidants are recommended as 
cancer prevention diet (Langseth, 1995; Lin et al” 1999; Lopaczynski and Zeise, 
2001; Zand et al., 2002). Now, it is hypothesized that antioxidants in food cause the 
regression of the developments of cancer through blocking the oxidative damage to 
DNA (Lopaczynski and Zeise, 2001; Reeddy et al., 2003; Zappia et al, 1999). As a 
> 
result, antioxidants in foods play a critical role in the study of anti-cancer therapies. 
Therefore, V. sinensis seed which possesses high antioxidant activity is a potential 
candidate in the anti-cancer research. In view of this, the aim of this chapter was to 
study the potential antiproliferative effect of V. sinensis seed. 
66 
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4.1.1 Cancer and antioxidant 
The development of cancer includes many steps and the possible mechanisms 
include DNA repair genes alternation, oncogene activation, tumor suppressor gene 
inactivation and growth factor binding modulation (Eisenbrand, 2000; Furberg and 
Ambrosone, 2001; Lin et aL, 1999). Eventually, normal cells are transformed into a 
lineage with a malignant phenotype. The simplified process on the transformation of 
normal cells into malignant tumor cells is shown in Figure 4.1. 
Among the causes of cancer, DNA damage is considered as one of the most 
important factors. DNA damage can be arisen from the interactions with exogenous 
agents such as ionizing radiation, UV radiation, chemical carcinogens or some 
viruses or bacteria. At the same time, DNA damage can also be the result of 
endogenous processes such as errors in DNA replication and oxidative damage by 
reactive oxygen radicals (Eisenbrand, 2000). Now, it is hypothesized that 
antioxidants may cause the regression in the developments of cancer through 
blocking the oxidative damage to DNA (Lopaczynski and Zeise, 2001; Reeddy et al., 
2003; Zanppia et aL, 1999). Therefore, the treatment of cancer with antioxidants has 







4.1.2 Dietary cancer prevention agents 
Dietary cancer prevention is considered as a complex form of chemoprevention. 
By definition, it is ‘the use of pharmacological or natural agents that inhibit the 
development of invasive cancer either by blocking the DNA damage that initiates 
carcinogenesis or by arresting or reversing the progression of premalignant cells in 
which such damage has already occurred.' (Eisenbrand, 2000). 
There are wide ranges of dietary preventive agents, both natural and synthetic. 
They can also be divided into two categories based on the action stage during 
carcinogenesis. They are the blocking agents and the suppressing agents. Blocking 
agents prevent the DNA modification from carcinogens, hence preventing mutations. 
The suppressing agents inhibit the DNA modification on the later stages, during the 
promotion and progressing of disease (Hayes and McMahon, 2001). 
In the past decades, it is believed numerous dietary foods possessing anti-cancer 
effects. Different fruits extracts, including strawberry extract, raspberry extract and 
apple peels extract were found to possess antiproliferative effects on HepG2 cells in 
a dose-dependent manner (Liu et al, 2002; Meyers et al., 2003; Wolife et al, 2003). 
The active components in various dietary ingredients are believed to be some 
micronutrients, plant secondary metabolites and the fermentation products of 
‘ non-digestible components in gut (Eisenbrand, 2000). Among these compounds, 
I 
plant flavonoids (belongs to a large class of plant secondary metabolites) are widely 
reported to possess anti-tumor effects through various mechanisms, including 
carcinogen inactivation, antiproliferation, cell cycle arrest, induction of apoptosis and I 




combination of these mechanisms (Constantinou et al, 1998; Martin et al, 2003; 
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Figure 4.1 Simplified process on the transformation of normal cells into 




4.2 Materials and Methods 
4.2.1 Chemicals and reagents 
Isopropanol (AR grade) was purchased from LabScan (Thailand). Sodium 
bicarbonate (S5761, Sigma) was purchased from Sigma (USA). RPMI 1640 medium 
(10601031, ICN) and (3-(4,5-dimethylthiazol-2-yl)-2,5, dipheyl tetrazolum bromide) 
MTT (194592, ICN) were purchased from ICN Biomedicals (USA). Phosphate 
buffered saline, PBS (21600-010，Gibco-BRL), penicillin - streptomycin (15140-122, 
Gibco-BRL), fungizome (15290-018, Gibco-BRL), fetal bovie serum (16000-044, 
Gibco-BRL), DMEM medium (12800-017, Gibco-BRL) were purchased from 
Gibco-BRL (USA). Sterile polystyrene tissue culture flask (83.1810.002, Sarstedt) 
was purchased from Sarstedt (USA). Dimethylsulfoxide, DMSO (Riedel-de-Hanen, 
60153) was purchased from Riedel-de-Hanen (USA). Sterile 96-well flat bottom 
tissue culture microplate (353072, Falcon) was purchased from Falcon (USA). D 
(+)-glucose (101174Y, BDH) was purchased from BDH Laboratory Supplies 
(England). The BrdU assay kit (1669915, Roche) and lactate dehydrogenase (LDH) 
assay kit (1644793，Roche) were purchased from Roche (USA). 
4.2.2 Cell lines 
‘ Human hepatocellular carcinoma HepG2 cell line and human breast 
) 
adenocarcinoma MCF-7 cell line were obtained from Professor Ooi, V. E. C., The 
Chinese University of Hong Kong. Human foreskin fibroblast Hs68 cell line was 




4.2.3 Maintenance of cell lines 
HepG2 and MCF-7 cells were maintained in RPMI 1640 medium 
(10601031,ICN Biomedicals, Inc.) supplemented with 2 g/L sodium bicarbonate 
(S5761, Sigma), 10% heat-inactivated (56�C for 60 min) fetal bovie serum 
(16000-044，Gibco-BRL), 1% penicillin (10,000 unit/ml)-streptomycin (10,000 
^ig/ml) (15140-122, Gibco-BRL) and 0.1% fungizome (amphotericin B 250 |ig/ml) 
(15290-018，Gibco-BRL). 
Hs68 cells were maintained in DMEM medium (12800-017, Gibco-BRL) 
supplemented with 1.5 g/L sodium bicarbonate (S5761, Sigma), 4.5 g/L glucose 
(101174Y, BDH), 10% heat-inactivated (56�C for 60 min) fetal bovie serum 
(16000-044，Gibco-BRL), 1% penicillin (10,000 unit/ml)-streptomycin (10,000 
l^g/ml) (15140-122, Gibco-BRL) and 0.1% fungizome (amphotericin B 250 |ig/ml) 
(15290-018, Gibco-BRL). 
All cell lines were cultured and maintained under a fully humidified atmosphere 
of 95% room air 5% CO2 and at 37°C in sterile polystyrene tissue culture flask 






4.2.4 Antiproliferation assays 
The antiproliferative activities of various fractions of V. sinensis seed were 
revealed by the MTT assay and the BrdU assay using cell models. 
Water-insoluble samples subjected to antiproliferation assays were dissolved in 
dimethylsulfoxide, DMSO (Riedel-de-Hanen, 60153). The final concentration of 
DMSO used in the assays was 0.5%. Water-soluble samples were dissolved in 
phosphate buffered saline, PBS (21600-010, Gibco-BRL). The final concentration of 
PBS used in the assays was 1%. 
4.2.4.1 MTT assay 
The antiproliferative effects of tested samples against adhesive cancer cell lines 
HepG2 and MCF-7 were revealed by MTT assay. MTT assay is a quick quantitative 
colorimetric method for testing mitochondrial impairment and correlates quite well 
with cell proliferation and it is used as a preliminary screen. It is based on the ability 
of mitochondrial dehydrogenases in viable cells to convert soluble yellow 
tetrazolium salt (MTT) to dark blue formazan product. Since the mitochondrial 
activities are proportional to the amount of formazan produced, cell growth and 
survival can be reflected by measuring the color intensity of formazan product. 
) 
(Kanno et al., 2000; Lee et al, 2002; Ikemoto et al, 2000). 
In this assay, selected tumor cells (1.25 x selected tumor cells/ml) in 100 |al 
t 
1 
medium were pre-seeded into a sterile 96-well flat bottom tissue culture microplate 
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(353072，Falcon) and incubated for 24 h. After 24 h, one hundred microliter of a 
series of different concentrations of tested samples in culture medium were added to 
each well and further incubated until assay. Each concentration was performed in 
triplicate. The culture plate was incubated at fully humidified atmosphere with 37°C, 
5% CO2 and 95 % room air. 
After further incubation of 72 h, twenty microliter freshly prepared MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5, dipheyl tetrazolum bromide) (194592，ICN 
Biomedicals, Inc.) in 5 mg/ml filtered PBS was added into each well and 
re-incubated for 5 h. Culture medium was removed by tripping off carefully. One 
hundred and fifty microliter of acid isopropanol (0.04M HCl in isopropanol) was 
added to each well. After pipette vigorously to dissolve the dark blue crystals, the 
absorbance was determined by microplate reader (SPECTRAmax 250) at 570 nm. 
The percentage of inhibition was expressed by the following equation: 
Absorbance of treatment � 
1 - X 1 0 0 % 






4.2.4.2 BrdU assay 
The antiproliferative effects of tested samples against adhesive cancer cell lines 
HepG2 and MCF-7 were further studied by BrdU assay using commercial assay kit 
(1669915, Roche) according to the manufacturer's protocol. BrdU assay is a 
colorimetric immunoassay for the quantification of cell proliferation, based on the 
measurement of BrdU incorporation during DNA synthesis. Since cellular 
proliferation requires the replication of cellular DNA, the monitoring of DNA 
synthesis is an indirect parameter of cell proliferation as well as being suitable for the 
study of the regulation of DNA synthesis. In addition, DNA synthesis is the most 
common measure of mitosis and cell proliferation. . 
In this assay, selected tumor cells (1.25 x lO^ selected tumor cells/ml) in 100 \x\ 
medium were pre-seeded into a sterile 96-well flat bottom tissue culture microplate 
(353072, Falcon) and incubated for 24 h. After 24 h, one hundred microliter of a 
series of different concentrations of tested samples in culture medium were added to 
each well and further incubated until assay. Each concentration was performed in 
triplicate. The culture plate was incubated at fully humidified atmosphere with 37°C, 
5% CO2 and 95 % room air. 
�� . 
After further incubation of 72 h, ten microliter BrdU labeling solution (1669915, 
, . Roche) was added to each well and re-incubated for 2 hr. Culture medium was 
> 
removed by tripping off carefully, and the micoplate was dried at 60°C for 1 h. Than, 
two hundred microliter Fix- Denat solution (1669915, Roche) was added to each well 
fix the cells, and the microplate was allowed to stand for 30 min at room 
1 
temperature. After removing the Fix-Denant solution by tripping off, the microplate 
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was stood in room temperature for 30 min. One hundred microliter freshly prepared 
anti-BrdU-POD working solution (1669915, Roche) was added to each well and 
incubated for 90 min. The microplate was rinsed with 200 [i\ washing solutions 
(1669915, Roche) and flicked off for 3 times in order to remove antibody conjugated. 
Lastly, one hundred microliter freshly prepared substrate solution (10 min before 
adding) was added and allowed to react for 3 min at room temperate with shaking. 
The light emission was detected by microplate luminometer (ML3000 Microtiter® 
plate luminometer). The percentage of inhibition was expressed by the following 
equation: 
广 Absorbance of treatment � 
1 - X 100% 
Absorbance of control 





4.2.5 Cytotoxic activity determined by lactate dehydrogenase (LDH) assay 
The cytotoxic effects of various fractions of K sinensis seed against cancer cell 
lines, the HepG2 cells and MCF-7 cells and normal cell line, Hs68 cells were 
investigated by LDH assay using commercial assay kit (1644793，Roche) according 
to the manufacturer's protocol. 
Various concentrations of tested samples were assayed on HepG2 and MCF-7 
cells. While tested samples with concentration at IC50 determined from BrdU 
assays were subjected to test on Hs68 cells. 
The lactate dehydrogenase (LDH) assay is a colorimetirc assay for the 
quantification of cell death and cell lysis, based on the measurement of lactate 
dehydrogenase (LDH) activity released from the cytosol of damaged cells into 
culture medium. The culture supernatant is collected as cell-free and incubated with 
the reaction mixture from the lactate dehydrogenase (LDH) assay kit (1644793, 
Roche). An increase in the amount of dead or plasma membrane-damaged cells 
results in an increase of the LDH enzyme activity. The LDH activity is determined in 
an enzymatic test. Firstly, NAD+ is reduced to NADH/H+ by the LDH-catalyzed 
conversion of lactase to pyruvate. Secondly, the catalyst (diaphorase) transfers H/H+ 
from NADH/H+ to the tetrazolium salt INT which is reduced to formazan. Therefore, 
the amount of color formed is proportional to the number of lysed cells. The 
formazan dye formed is water-soluble and shows a broad absorption maximum at 
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Since different cell types may contain different amount of LDH, therefore 
preliminary assay for determining optimal cell concentration is needed. Cell 
concentration with maximum difference between the low and high control is used for 
subsequent assay. Low control is equal volume of culture cells in assay and culture 
medium. High control is equal volume of culture cells in assay and culture medium 
with 2% Triton X-100, which provided maximum releasable LDH activity. 
In this assay, HepG2 and MCF-7cells (6.25 x lO* selected tumor cells/ml) in 
100 1^1 medium were pre-seeded into a sterile 96-well flat bottom tissue culture 
microplate (353072, Falcon). While Hs68 cells (2.50 x 10^ tumor cells/ml) in 100 
medium were pre-seeded. After 24 h, one hundred microliter of different tested 
concentration of tested samples in culture medium were added to each well and 
further incubated for 72 h. After 72h, the microplates were centrifuged at 250g for 10 
min and 100 |al supernatant was carefully removed and transferred into new optically 
clear 96-well flat bottle microplates. One hundred microliter of freshly prepared 
reaction mixture were added to each well and incubated for 30 min at room 
temperature. During the incubation period, the microplates were protected from light. • 
Absorbance was determined by microplate reader (SPECTRAmax 250) at 490 nm. 
Each concentration was performed in triplicate. The culture plate was incubated at 
fully humidified atmosphere with 37°C, 5% CO： and 95 % room air. The percentage 
cytotoxicity was expressed by the following equation: 
< • 
广 Absorbance Absorbance Absorbance 
of treatment of low control of substance control 
X 100% 
Absorbance Absorbance 
‘ ‘ ( ^ of treatment of low control 夕 
78 
Chapter Four "“ 
4.2.6 Time-course assay 
The antiproliferative effect of phenolic fraction of K sinensis seed on HepG2 
and MCF-7 cells was subjected a time course assay. Time course assays were 
performed in 24 h intervals on the IC50 of phenolic fraction determined from BrdU 
assays. The growth of cells was measured by BrdU assays (as described at Charter 
4.2.4.2) after incubation for 24 hr, 48 hr and 72 hr. Each concentration was 
performed in triplicate. 
4.2.7 Determination of IC50 
The IC50 was determined in MTT, BrdU and LDH assays. Selected cell lines 
were incubated with tested samples in a multiple doses. IC50 was determined as the 
concentration of sample that exhibited 50% inhibition on cell proliferation in relation 
to control. 
4.2.8 Statistical analysis 
The results were presented as mean 土 standard deviation (S.D.) and analyzed by 







4.3 Results and Discussion 
4.3.1 Antiproliferative activities of V. sinensis seed extracts on HepG2 cells 
Various V. sinensis seed fractions were subjected to antiproliferation assay on 
human hepatocellular carcinoma HepG2 cells. 
In MTT assays on HepG2 cells, no significant inhibitory effects were detected 
in the crude extract and non-phenolic fraction up to the concentration of 2000 |a.g/ml. 
However, phenolic fraction significantly inhibited the proliferation of HepG2 cells in 
a dose-dependent manner with IC50 of 332 jig/ml. The effects various V. sinensis seed 
fractions on the growth of HepG2 cells as measured by MTT assay are shown in 
Figure 4.2. 
In BrdU assay, significant inhibitory effects on HepG2 cells were detected in the 
crude extract and phenolic fraction in a dose-dependent manner. The IC50 of crude 
extract and phenolic fraction were'determined to be 895 and 112 |ig/ml respectively. 
No significant inhibitory effect was detected in non-phenolic fraction at 
concentration up to 2000 |ig/ml. The effects various V. sinensis seed fractions on the 
growth of HepG2 cells as measured by BrdU assay are shown in Figure 4.3. BrdU 
assay method had also been used by Ocker et al. (2004) in measuring the 
‘ proliferations of HepG2 cells and by Kanno et al. (2004) in measuring the 
I 
proliferations of MCF-7 cells. 
There were deviations in determining the antiproliferative activities using the 
1 
1 
two different assays. A summary of the antiproliferative activities of various V 
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sinensis seed fractions on HepG2 cells was shown in Table 4.1. The IC50 values of all 
these fractions were much lowered in the BrdU assay than that in the MTT assay. 
These deviations were due to sensitivity differences, with BrdU assay being more 
sensitive than MTT assay. MTT assay is a colorimetric method based on the 
activities of mitochondrial dehydrogenases in viable cells which does not reflect cell 
growth and survival directly. However, BrdU assay is an immunoassay based on the 
measurement of BrdU incorporation during DNA synthesis and hence reflects cells 
proliferation accurately. 
Since BrdU assay could be more accurately and precisely in measuring the 
antiproliferative activities of tested samples, this assay method was chosen in 







4.3.2 Cytotoxic activities of V. sinensis seed extracts on HepG2 cells 
In LDH assay, the cytotoxic effects of various V. sinensis seed fractions on 
HepG2 cells were studied. No cytotoxicity was detected in crude extract and 
non-phenolic fraction up to the concentration of 2000 ng/ml. However, the phenolic 
fraction was detected to possess cytotoxicity in a dose-dependent manner on HepG2 
cells with IC50 of 348 |a.g/ml. The cytotoxic effects of various V. sinensis fractions on 
HepG2 cells as measured by LDH assay are shown in Table 4.1. 
The cytotoxic effect of phenolic fraction on Hep.G2 cells was detected in the 
LDH assay. This cytotoxic activity might be contributed to the antiproliferative 
actions of phenolic fraction on HepG2 cells. 
In addition, there were differences between the results obtained in MTT, BrdU 
and LDH assays. The discrepancies were due to different measuring parameters 
employed in these assays. MTT assay measured the mitochondrial impairment, BrdU 






4.3.3 Antiproliferative activities of phenolic fraction on MCF-7 cells 
From the results of various V. sinensis fractions on HepG2 cells under different 
antiproliferation assays, only phenolic fraction was found to possess significant 
antiproliferative activity. Therefore, phenolic fraction was chosen for further 
investigation on another cancer cell line, the human breast adenocarcinoma MFC-7 
cells. 
In BrdU assay, significant inhibitory effect on MCF-7 cells was detected in the 
phenolic fraction in a dose-dependent manner with IC50 of 149 |j,g/ml. The effect of 
phenolic fraction on the growth of MCF-7 cells is shown in Figure 4.5. When 
compared with the antiproliferative effect of phenolic fraction on HepG2 cells, 
HepG2 cells were shown to be slightly more susceptible to phenolic fraction than 
MCF-7 cells under the same assay conditions. 
i 
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4.3.4 Cytotoxic activity of phenolic fraction on MCF-7 cells 
In LDH assay, the cytotoxic effect of phenolic fraction on MCF-7 cells was 
revealed (Table 4.2). No cytotoxicity was detected in phenolic fraction up the 
concentration of 400 |j.g/ml. These results imply that the antiproliferative action of 
phenolic fraction on MCF-7 cells might be due to modulation on cell cycle instead of 
induction of apoptosis (Constantinou et ai, 1998; Pozo-Guisado et al., 2002). 
On the other hand, phenolic fraction was found to.possess antiproliferative and 
cytotoxic effects on HepG2 cells. Therefore, the mode of action of phenolic fraction 
on HepG2 and MCF-7 cells might be different. Further studies are needed in order to 




4.3.5 Time-course study of antiproliferative activities of phenolic fraction on 
cancer cells 
Since only the phenolic fraction was found to possess significant 
antiproliferative activity, therefore only the phenolic fraction was subjected to a time 
course assay on both HepG2 and MCF-7 cells using BrdU assay. Phenolic fraction 
with concentration at IC50 determined from BrdU assays in Chapter 4.3.1 and 
Chapter 4.3.3 was subjected to test. 
Time course assay of phenolic fraction on HepG2 and MCF-7 cells is shown in 
Figure 4.7. In the assay on HepG2 cells, the growth inhibition was 42.1% at the first 
24 h of incubation. Further incubation slightly increased the antiproliferative effect 
and reached 55.4% at 72 h of incubation. This indicated most of the antiproliferative 
activity of phenolic fraction was happened within the first 24 h. Further incubation 
only slowly increased the antiproliferative activity. 
Unlike the action on HepG2 cells, the antiproliferative activity of phenolic 
fraction on MCF-7 cells was maximal at the first 24 h of incubation with growth 
inhibition of 81.3% and decreased significantly upon further incubation. These 
results imply that the active component(s) in phenolic fraction might be metabolized 
quickly during the first 24 h and altered the cellular proliferating activity of MCF-7 






4.3.6 Effects of phenolic fraction on normal cell line 
Since only the phenolic fraction was found to possess significant 
antiproliferative activity, therefore only the phenolic fraction was subjected to 
cytotoxicity assay on normal cells, the human foreskin fibroblast Hs68 using LDH 
assay. Phenolic fraction with concentration at IC50 determined from BrdU assays was 
subjected to test. Since the IC50 of phenolic fraction on MCF-7 (149 |ag/ml) was 
slightly higher that of HepG2 (112 |ig/ml), the concentration of 149 |ig/ml was 
subjected to test. No cytotoxic effect was detected in the treatment of phenolic 
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Figure 4.2 Effects of various fractions of V. sinensis seeds on the growth of 
HepG2 cells measured by MTT assays. 
Results were means 土 standard deviations with n = 3. 
* (*) represented significantly different to corresponding control with 
(p< 0.05). 87 
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Figure 4.3 Effects of various fractions of V sinensis seeds on the growth of 
HepG2 cells measured by BrdU assays. 
Results were means 土 standard deviations with n = 3. 
' (*) represented significantly different to corresponding control with 
(p< 0.05). 
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Figure 4.4 Effect of phenolic fraction on the growth of MCF-7 cells measured by 
BrdU assay. 
Results were means 土 standard deviations with n = 3. 
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Figure 4.5 Time-course study of antiproliferative activity of phenolic fraction on 
HepG2 and MCF-7 cells. Phenolic fraction with concentration at 
ICso determined from BrdU assays in Chapter 4.3.1 and Chapter 
4.3.3. 





Table 4.1 The IC50 determined in the antiproliferative and cytotoxicity assays of 
various fractions of V. sinensis seeds on HepG2 cells 
IC50 (^ig/ml)- 
MTT assay BrdU assay LDH assay 
Crude > 2000 895 > 2000 
extract -
No 严 noUc >2000 >2000 >2000 
fraction 






Table 4.2 The IC50 determined in the antiproliferative and cytotoxicity assays of 
phenolic fractions on MCF-7 cells 
IC50 (^g/ml)  
BrdU assay LDH assay 
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Chapter Five 
Antioxidant and antiproliferative activities of selected 
content flavonoids from K sinensis seeds 
5.1 Introduction 
In multicellular organisms, a balance between cell proliferation and cell 
elimination is essential for the maintenance of homeostasis. Any imbalance on cell 
proliferation and death may result in serious disease like cancer. In the past decades, 
experiments and reports implicated the control in cell cycle plays a major role in the 
cell in ensuring of accurate cell division. If agents have the potential to alter or 
decrease the growth of cancer cells without affecting the viability of normal cells, 
they represent useful anticancer agents. Plant flavonoids are well-known examples. 
At the same time, a comprehensive knowledge on the bioavailability of ingested 
flavonoids is essential in order to fully demonstrate their health-promoting effects. 
Even through data are still limitecl, some information is now available regarding the 
intestinal absorption and metabolism of flavonoids. 
In previous chapter, the phenolic fraction of V sinensis seeds was found to 
possess high antioxidative and antiproliferative activities. It is believed that the 
, active components with antiproliferative activities in V. sinensis seeds extract might 
» 
be one or more of these antioxidative phenolic compounds. Therefore, the objective 
of this chapter was to investigate the selected flavonoids identified from V. sinensis 
^ seeds on antiproliferative assays and flow cytometry analysis. 
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5.1.1 Cell cycle progression and regulation 
Distinct phases of the cell cycle are defined as the Gi, S, G2 and M phase. 
Eukaryotic cells have developed 'checkpoints' in monitoring cell-cycle progression. 
Two main checkpoints have been discovered near the end of Gi (called 'restriction 
point' in mammalian cells) and at the end of G2. There is also a checkpoint inside the 
M phase. Abnormal processes can lead to changes in cell cycle regulators and hence 
alter normal cell cycle progression. 
In recent decades, plant flavonoids are widely reported on their potential to 
work as anticancer agents. It was found that flavonoids can interrupt cell cycle 
progression (either at Gi/ S or at Qi! M phase) and regulation of various caner cells. 
In the regulation of cell cycle, several cell cycle regulatory proteins, including the 
cyclins (such as cyclin B, cyclin D1 and cyclin E)，cyclin-dependent kinase (such as 
Cdk 1, Cdk 2 and Cdk 4) and tumor suppressor proteins (such as p21, p27 and p53) 
are commonly studied (Casagrande and Darbon et al, 2001; Choi et al., 2001; 
Constantinou et al., 1998; li et al.’ 2004; Kobayashi et al., 2002; Pozo-Guisado et al., 
2002). Commonly consumed flavonoids, genistein has been found to arrest cell cycle 
progression of human prostate cancer cells at G2/ M phases and is attributed to the 
suppression of cyclin B expression. In addition, genistein was found to induce the 
tumor suppressor protein p21 expression but not in p27 (Kobayashi et al., 2002). 
‘ Genistein was also found to arrest the cell cycle at G2/ M phases and induces 
apoptosis in other cancer cells, such as gastric, breast and lung (Choi et al； 1998; 
Lian et al, 1998; Matsukawa et al., 1993). Moreover, other flavonoids like quercetin 
. a n d luteolin have been found to inhibit the proliferation of human melanoma cells by 
blocking Gi/ S transition, while kaempferol and apigenin have been found to inhibit 
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the proliferation by Qi! M block (Casagrande and Darbon, 2001). Therefore, 
flavonoids have been shown to inhibit cancer cells proliferations through various 
stages in the signal transduction pathways. However, the precise mechanism on the 
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5.1.2 Bioavailability of plant flavonoids 
In order to demonstrate the possible relationship between flavonoid-rich diets 
and their health-promoting effects, a deeper understanding on the absorption and 
metabolism of ingested flavonoids are required. Under natural conditions, flavonoids 
are usually present in the form of glycosides (generally as 0-glycosides with a sugar 
residue at the C-3 position) instant of as aglycones (Nuutila et al” 2002; Packer et al., 
1999; Rice-Evans and Packer, 1998; Ross and Kasum, 2002). In general, the 
absorption of flavonoids varies depending on the type of food, the chemical form of 
flavonoids, and the interactions with other substances in food, such as protein, 
ethanol and fiber. 
The behavior of flavonoids in the digestive tract and the actual mechanism(s) 
involved is not fully understood yet. It is generally suggested that the solubility of 
flavonoids in bile acid micelles in our digestive tract is one of the important factors. 
Flavonoid aglycones are hydrophobic in natures which are believed to be transported 
across membranes by passive diffusion (Aherne at al., 2002). Flavonoids glycosides 
are hydrophilic in natures; hence they possess low solubility in bile acid micelles and 
are hardly absorbed in the small intestine (de Vries et al； 1998; Erlund et al” 2000). 
In the study utilizing the Caco-2 cell culture model, it demonstrated that aglycone 
quercetin was taken up by passive diffusion while the quercetin glucosides were 
, apparently not well absorbed (Kuo, 1998; Murota et al., 2000; Walgren et al., 1998). 
> 
Flavonoids glycosides are expected to remain unchanged in most of the 
,d igest ive tract, since human lack the appropriate p-glycosidases to metabolize or 
cleavage these sugars linkages. In the past decade, experimental studies suggested 
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that deglycosylation is the first step during transfer of flavonoids from the intestinal 
lumen into the circulation. Deglycosylation is catalyzed by the glycosidases from 
bacteria that colonize the ileum and cecum. As a result, flavonoids can be partially 
absorbed (Morrice et al., 20000; Piskula, 2000; Rechner et al.’ 2002). However, the 
mechanism of aglycone transfer across the digestive tract is not fully understood. 
Recent studies indicated that the mechanism of absorption of quercetin- 4 '-glucoside 
involves interaction with sodium-dependent glucose transporter (SGLTl) and 
subsequent luminal hydrolysis by lactase phlorizin hydrolas (LPH), whereas 
quercetin-i- glucoside were deglycosylated and absorbed into the small intestine by 
diffusion (Day et al, 2003). 
Studies indicate that liver is the primary site of flavonoids metabolism and other 
sites such as kidney or intestinal mucosa may be involved. In liver, flavonoids may 
undergo methylation，hydroxylation, reduction of the carbonyl group in the pyrane 
ring, and conjugation reactions .The most common degradation pathway for 
flavonoids is through conjugation with glucuronides or sulfate (Ader et al., 2002; 
Manach et al., 1999; Manach et al., 1997). In addition, intestinal mucosa, kidney and 
other tissues also possess enzymatic activity for metabolizing flavonoids e.g. 
glucuronyl conjugation by the UDP-glucuronyltransferase, 0-methylation by 
O-methyltransferase and hydroxylation by cytochrome P450 (Kuhnle et al., 200; 






5.1.3 Characterization of phenolic compounds in V. sinensis seeds 
By the liquid chromatography coupled with electrospray mass spectrometry 
(LC-ESI-MS) with positive and negative ion detection, fifteen flavonoids present in 
the V sinensis seeds were identified by Chang and Wong (2004). These include 
delphinidin-3-O-glucoside, cyanidin-3 -0-glucoside, petunidin-3-O-glucoside, 
malvidin-3-O-glucoside, peonidin-3-O-glucoside, malvidin-3-O-acetylglucoside, 
quercetin-3-O-glucosylglucoside, quercetin-3-O-glucoside, myricetin-3-O-glucoside, 
peonidin-3-O-malonylglucoside, kaempferol-3-O-glucoside, cyanide-3-0-
galactoside, quercetin-7-O-glucoside, quercetin-3 -0 -6" -acetylglucoside and 
quercetin. The contents of identified flavonoids determined by HPLC-UV/ VIS were 
shown in Table 5.1. Delphinidin-i-O-glucoside, cyanidin-3-0-glucoside and 
petunidin-3-O-glucoside were the three predominant flavonoids. The total flavonoids 
content detected were 4.28 mg/g seeds. 
Since the active components with antiproliferative activities in V. sinensis seeds 
extract might be one or more of these phenolic compounds, selected flavonoids 








Name Ri R2 R3 R4 
Delphinidin-3-O-glucoside OH OH OH Glucose 
Cyanidin-3-(9-galactoside OH OH H Galactose 
Cyanidin-3-O-glucoside OH OH H Glucose 
Petunidin-3-(9-glucoside OMe OH OH Glucose 
Peonidin-3-O-glucoside OMe OH H Glucose 
Malvidin-3-O-glucoside OMe OH OMe Glucose 
Malvidin-3-O-acetylglucoside OMe OH OMe Acetyglucose 
* 
Peonidin-3-O-malonylglucoside OMe OH H Melonyglucose 
Figure 5.1 Chemical structures of identified anthocyanins in V. sinensis seeds 
1 
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R i 
S ^ S t ^ r s 
O H 〇 
Substitution pattern 
Name Ri R2 R3 R4 
Myricetin-3-O-glucoside OH OH Glucose H 
Kaempferol-3-O-glucoside H H Glucose H 
Quercetin OH H H H 
Quercetin-3-O-glucoside OH H Glucose H 
Quercetin-7-O-glucoside OH H H Glucose/ 
galactose 
Quercetin-3-0-6"-acetylglucoside OH H (6"-acteyl)glucose H 
\ 
Quercetin-3-6-glucosylglucoside OH H Glucose-Glucose H 
‘Figure 5.2 Chemical structures of identified flavones in V. sinensis seeds 
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Table 5.1 Contents of identified flavonoids presented in V. sinensis seeds 
Flavonoids Content (mg/g of seeds) 




Malvidin-3 -0-glucoside 0.386 
Peonidin-3-O-glucoside 0.132 




Peonidin-3-O-malonylglucoside 0 .038� 
Kaempferol-3-0-glucoside 0.031 
Cyanidin-3-O-galactoside 0.025 




a 一 expressed as Delphinidin-3-O-Glucoside equivalent 
b - expressed as Malvidin-3-O-GIucoside equivalent 
a - expressed as Peonidm-3-O-Glucoside equivalent 
d 一 expressed as Quercetin-3-O-Glucoside equivalent 
# Values are expressed as mean of triplicates 
� (With source of data: Chang and Wong, 2004) 
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5.2 Materials and Methods 
5.2.1 Chemicals and reagents 
All flavonoids studied in this project were commercially available, querctin 
3-0-glucoside (020062, Indofine) kaempferol-3-O-glucoside (021243s, Indofine), 
and quercetin-3-0-6"-acetylglucoside (021099, Indofine) were purchased from 
Indofine (USA). Cyanidin (0200-3, Polyphenols), delphinidin (0400-1, Polyphenols), 
petunidin (0500-1, Polyphenols), cyanidin-3-0-glucoside (1201-1, Polyphenols), 
cyanidin-3-0-galactoside (1202-1, Polyphenols), peonidin-3-0-glucoside (1301-1, 
Polyphenols), delphinidin-3-0-glucoside (1401-1,Polyphenols), petunidin-3-0-
glucoside (-1501-1, Polyphenols), malvidin-3-0-glucoside (1601-1，Polyphenols) 
were purchased from polyphenols (Norway). 
Dimethylsulfoxide, DMSO (Riedel-de-Hanen, 60153) was purchased from 
Riedel-de-Hanen (USA). Sterile polystyrene tissue culture flask (83.1810.002, 
Sarstedt) was purchased from Sarstedt (USA). Albumin bovine serum (A4503, 
Sigma), propidium iodide (P4170, Sigma), ribonuclease A (R4875, Sigma) were 




5.2.2 Determination of free radical scavenging ability of identified flavonoids 
from V. sinensis seeds using trolox equivalent antioxidant capacity (TEAC) 
assay 
Among the fifteen identified flavonoids present in V sinensis seeds, ten 
commercially available ones including delphinidin-3-O-glucoside, cyanidin-
3-0-galactoside, cyanidin-3-O-glucoside, malvidin-3-O-glucoside, peonidin-
3-0-glucoside, petunidin-3-O-glucoside, kaempferol-3-O-glucoside, quercetin, 
quercetin-3-O-glucoside and quercetin-3 -0 -6" -acetyIglucoside were assayed for 
their antioxidant activities. The aglycones of the three major flavonoids, i.e. 
delphinidin, cyanidin and petunidin were on their ABTS:+ radical cation scavenging 
activities using the trolox equivalent antioxidant capacity (TEAC) assay as described 
in chapter 2.2.6. 
The antioxidant activities of all the tested samples were determined by the 
trolox equivalent antioxidant capacity (TEAC) assay. The trolox equivalent 
antioxidant capacity (TEAC) values of all the tested samples were calculated by 
dividing the gradient plot of the percentage inhibition of absorbance against the 




5.2.3 Antiproliferation assays 
The corresponding aglycones of three predominant flavonoids in K sinensis 
seeds, including delphinidin, cyanidin and petunidin (plus cyanidin-3 -0-glucoside 
for comparison) were subjected to antiproliferation assays measured by the BrdU 
assay as described in chapter 4.2.4.2. 
5.2.4 Cytotoxicity assay 
The cytotoxic effects of selected flavonoids including delphinidin, cyanidin and 
petunidin (plus cyanidin-3-0-glucoside for comparison) on cancer cells (HepG2 and 
MCF-7) and normal cell (Hs68) were investigated by the LDH assay as described in 
chapter 4.2.5. 
5.2.5 Time-course assay 
The antiproliferative effects of selected flavonoids including delphinidin, 
cyanidin and petunidin (plus cyanidin-3-0-glucoside for comparison) on HepG2 and 
MCF-7 cells were subjected time course assays. The time course assays were 
‘ investigated as described in chapter 4.2.6. 
1 
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5.2.6 Determination of cell cycle distribution by flow cytometry 
Cyanidin was further investigations on flow cytometry analysis. The IC50 
determined from BrdU assays were subjected to assay with three different incubation 
times, 24 hr, 48 hr and 72 hr. 
With the use of flow cytometer and DNA specific fluorescence dye, the DNA 
content can be measured at the single cell level. Cells at different phases in the cell 
cycle (Go/ Gi, S, G2/ M) with difference in the DNA content can be displayed in a 
flow cytometric diagram, these patterns gave information on the cell cycle 
distribution and therefore the cell cycles changes of a cell population can be analyzed. 
The cell cycle pattern can also be employed to confirm apoptosis. 
HepG2 or MCF-7 cells were pre-seeded in 25cm^ sterile polystyrene tissue 
culture flask (83.1810.002，Sarstedt) culture flask in 5ml culture medium and 
incubated for 24 h. After 24 h, 5 ml cyanidin or control medium were added and the 
cells were further incubated with 24 hr, 48 hr and 72 hr. 
After incubation period, HepG2 and MCF-7 cells (1 x 10^ cells) were 
harvested by trypsinization and washed once with PBS and fixed with 70% ethanol at 
4°C overnight. After centrifugation at ISOOrpm for 8 min, ethanol was removed. 
- Cells were further washed twice with PBS. Cells were washed again with PBS 
containing 1% BSA. Centrifugation was performed with supernatant discarded. Cells 
were incubated with Vindolov 's propidium iodide (PI) staining solution overnight at 
, 4 ° C . The solution was prepared by dissolving 1.21 g Tris, 700 kU RNase, 50.1 mg PI 
in 800 ml distilled water. The pH value was adjusted to 8.0. Lastly, distilled water 
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was added to make up the total volume of IL. The final staining solution was store at 
4°C in the prevention of light. After labeling with PI, cells were analyzed with a 
Beckman Coulter Epics XL .MCL flow cytometer (Miami, FL). 
For the study of cell cycle distribution, the cell cycle pattern was analyzed and 
the percentage of each phase of cell cycle was measured. The DNA content of cells 
was displayed as the cell cycle pattern with different phases: Go/ Gi, S and G2/ M. 
Apoptotic cells with hypodiploid DNA content were observed in the cell cycle 
pattern. 
5.2.7 Statistical analysis 
The results were presented as mean 土 standard deviation (S.D.) and analyzed by 
Student's r-test, only p-value less than 0.05 (p < 0.05) were considered as statistically 
significance. 
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5.3 Results and discussion 
5.3.1 Free radical scavenging abilities of identified flavonoids from K sinensis 
seeds 
Among the fifteen identified flavonoids present in V. sinensis seeds, ten 
commercially available ones including delphinidin-3 -0-glucoside, 
cy anidin-3 -0-galactoside, cyanidin-3-0-glucoside, malvidin-3 -0-glucoside, 
peonidin-3-O-glucoside, petunidin-3-O-glucoside, kaempferol-3-0-glucoside, 
quercetin, quercetin-3-(9-glucoside and quercetin-3-0-6"-acetylglucoside were 
assayed for their antioxidant activities. The aglycones of the three major flavonoids, 
i.e. delphinidin, cyanidin and petunidin were studied. The ABTS + radical cation 
scavenging activities of these flavonoids and selected standard antioxidant are shown 
in Table 5.2. 
Results showed that quercetin exhibited the highest TEAC value (5.31 土 0.07)， 
and followed by cyanidin (5.20 土 0.12)，cyamdin-3-O-galactoside (4.30 土 0.16), 
quercetin-3-0-6"-acetylglucoside ( 4 . 2 2 土 0 . 0 3 )’ peonidin-3-O-glucoside ( 3 . 8 7 土 0 . 1 0 ) 
and cyanidin-3 -0-glucoside (3.28 土 0.16). Comparing the antioxidant activities of 
cyanidin and its glycosides, it was found that glycosylation of the hydroxyl group of 
cynaidin has a negative influence on the flavonoid's antioxidant activities. Similar 
results of glycosylation effects were obtained in other flavonoids including quercetin 
and hesperidin and their respective derivatives (Cos et al., 2001). However, this 
glycosylation effects cannot be generalized as other tested flavonoids glycosides and 
‘ their corresponding aglycones showed similar antioxidant activities. 
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Since cyanidin-3-O-glucoside possessed relatively high antioxidant activity 
and it was the second abundant flavonoids in V. sinensis seeds, it is likely that 
cyanidin-3-O-glucoside attributes significantly to the total antioxidant activity of V. 
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5.3.2 Antiproliferative activities of selected flavonoids on cancer cells 
Delphinidin-3-0-glucoside, cyanidin-3-0-glucoside and petunidin-3-0-
glucoside are three major flavonoids in V. sinensis seeds. Since it is suggested that 
bacteria that colonize the ileum and cecum cleave the sugars of flavonoids before the 
flavonoids can be absorbed, the corresponding aglycones of these three flavonoids, 
namely delphinidin, cyanidin and petunidin were chosen for antiproliferation studies. 
In addition, cyanidin-3-(9-glucoside was also chosen for comparison. The 
antiproliferative activities were measured by the BrdU assay method. 
Results show that HepG2 cells, delphinidin, petunidin, cyanidin and 
cyanidin-3-O-glucoside significantly inhibited proliferation of human hepatocellular 
carcinoma HepG2 cells in a dose-dependent manner with IC50 of 117, 86.0, 72.2 and 
294 i^M respectively. The effects of selected flavonoids on HepG2 cells are shown in 
Figure 5.4. 
Similarly, delphinidin, petunidin, cyanidin and cyanidin-3-O-glucoside 
significantly inhibited proliferation of human breast adenocarcinoma MCF-7 cells in 
a dose-dependent manner with IC50 of 108，130，129 and 270 |iM respectively. The 
effects of selected flavonoids on HepG2 cells are shown in Figure 5.5. 
‘ Cyanidin was determined to possess the highest antiproliferative activity among 
> 
the tested flavonoids. The results correlated with antioxidant activities of which 
cyanidin was found to possess the highest antioxidant activity among the tested 
, f l a v o n o i d s . Moreover, similar results are found in recent studies. Cyanidin was 
reported to inhibit the growth of human colon cancer cell lines HT 29 and HCT 116 
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with IC50 of 780 and 63 |j,M respectively (Kang et ai, 2003), A summary of the 
antiproliferative activities of selected flavonoids on HepG2 and MCF-7 cells are 
shown in Table 5.3 and 5.4. 
In addition, when compared the antiproliferative activities of cyanidin and 
cyanidin-3-O-glucoside, the agylcone cyanidin was found to possess a much higher 
antiproliferative activity than the cyanidin-3 -0-glucoside. Similar results are found 
in recent studies. Aglycone cyanidin, but not its glycoside cyanin and idaein was 
reported to be able to inhibit cellular growth in human colon carcinoma HT29 cells 
(Briviba et aL, 2001). Moreover, aglycone quercetin, but not quecertin-J-0-
rutinoside and quecertin-i-O-rhamnose was reported to be able to inhibit cellular 





5.3.3 Cytotoxic activities of selected flavonoids on cancer cells 
The cytotoxic effects of delphinidin, cyanidin, petunidin and 
cyanidin-3-O-glucoside on HepG2 cells were studied using LDH assay method. No 
cytotoxicity was detected in delphinidin, petunidin and cyanidin-3-0-glucoside up to 
the concentration of 300^M. However, cyanidin was detected to possess cytotoxicity 
in a dose-dependent manner on HepG2 cells with IC50 of 426 jiM. The results on 
cytotoxicity study on HepG2 cells are shown in Table 5.2. 
The cytotoxic effects of delphinidin, cyanidin, petunidin and 
cyanidin-3-0-glucoside on MCF-7 cells were also studied. No cytotoxicity was 
detected all compounds up to the concentration of 300 iiM. The results on 






5.3.4 Time-course study of antiproliferative activities of selected flavonoids on 
cancer cells 
In order to study the kinetics of antiproliferative actions of these flavonoids, a 
time course study was carried out. The concentrations of aglycones used in this study 
were determined based on the IC50 values for either MCF-7 or HepG2 cells, with the 
higher value being used. Therefore, the concentrations of delphinidin, petunidin, 
cyanidin and cyanidin-3-O-glucopyranoside used in the time course study were 117， 
130, 129 and 294 [iM respectively. 
Time course assay of selected flavonoids on HepG2 and MCF-7 cells are shown 
in Figure 5,8 and Figure 5.9. In the assay on HepG2 cells, it was found that most of 
the antiproliferative activities of delphinidin, petunidin and cyanidin-3 -0-glucoside 
occurred within the first 24 h of incubation. Further incubation only slowly increased 
the antiproliferative effects. Unlike these flavonoids, cyanidin only induced a growth 
inhibition of 21.0% at the first 24h of incubation. Further incubation greatly 
increased this antiproliferative effects and reached 52.4% at 72 h of incubation. 
In the assay on MCF-7 cells, it was found that the antiproliferative activities of 
delphinidin, petunidin and cyanidin-3-O-glucoside were maximal at the first 24 h and 
decreased slowly during further incubation. However, cyanidin was different again. It 
. only possessed a growth inhibition of 37.0% at the first 24 h incubation. Further 
» 





Moreover, it was found that the antiproliferative activities of cyanidin and 
cyanidin-3-0-glucopyranoside were different in both assays with the antiproliferative 
activities of cyanidin reached maximum much faster than that of 
cyanidin-3-0-glucopyranoside. It might be due differences in metabolize speeds of 
these two compounds. Cyanidin might be metabolized more quickly than the 
cyanidin-3- 0-glucopyranoside and hence altered the cellular proliferating activity at 





5.3.5 Cytotoxic activities of selected flavonoids on normal cells 
The cytotoxic effects of delphinidin, cyanidin, petunidin and cyanidin-3-0-
glucoside on normal cells, Hs68 were studied using LDH assay method. The 
concentrations used in this study were determined based on the IC50 values for either 
MCF-7 or HepG2 cells, with the higher value being used. Therefore, the 
concentrations of delphinidin, petunidin, cyanidin and cyanidin-3-0-
glucopyranoside used in the time course study were 117, 130, 129 and 294 fiM 
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5.3.6 Determination of the effects of cyanidin on cancer cells by analyzing cell 
cycle pattern — 
Since cyanidin was determined to possess the highest antioxidant and 
antiproliferative activities, it was chosen for further investigation. In order to 
investigate whether cyanidin-induced cell growth inhibition might be related to 
alterations in cell cycle, the effects of cyanidin on cell cycle distribution was 
evaluated by flow cytometry analysis. 
In the treatment of HepG2 with cyanidin, it was found that cyanidin induced an 
accumulation of HepG2 cells in G2/ M phase, without alteration of the Go/ Gi phase 
of cell cycle when compared with corresponding control. After 72 h treatment with 
cyanidin, a continuous accumulation of HepG2 cells in G2/ M phase with a 
concomitant diminution of the S phase was found. These results implied that 
cyanidin impaired cell cycle progression through blocking G2/ M transition. Since 
negligible apoptotic peak was detected, it maybe concluded that the antiproliferative 
action of cyaindin on HepG2 cells was independent of apoptosis. However, when 
compared with the results obtained from cytotoxicity test in LDH assays, some 
discrepancy was found. Cyanidin was found to possess cytotoxicity activities (with 
IC50 of 426 |iM) in LDH assay, but negligible apoptotic peak was detected in the cell 
cycle analysis (with tested dose of 72.2 jaM). Since no cytotoxicity of cyanidin was 
, detected at concentration below 200 fiM in LDH assay (data not shown); therefore it 
) 
is feasible that no apoptotic effect was found in the cell cycle analysis. Effects of 
cyanidin on the cytometric profiles of HepG2 cells are showed in Figure 5.8. 
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While in the treatment of MCF-7 cells with cyanidin, it was found that cyanidin 
induced an accumulation of MCF-7 cells in Go/ Gi phase when compared with 
corresponding control and this accumulation of cells in Go/ Gi phase continued with 
incubation time. Since MCF-7 cells under treatment were arrested at Go/ Gi phase, 
the proportions of cells in the S or G2/ M phase would subsequently decrease after 72 
h treatment with cyanidin, there was over 60% of cells were found in the Gq/ Gi 
phase. These results implied cyanidin impaired cell cycle progression through 
blocking G\l S transition. Since significant apoptotic peak was detected after 72 h 
treatment with cyanidin, induction of apoptotic cell death would contribute to the 
antiproliferative actions of cyanidin. Effects of cyanidin on the cytometric profiles of 
MCF-7 cells are showed in Figure 5.9. 
It might be concluded that the cell growth inhibition induced by cyanidin in 
both HepG2 and MCF-7 cells were related to impairments in the cell cycle. Two 
different modes of cell cycle alternation were found in cells subject to cyanidin 
treatment. Cyanidin induced cell growth inhibition of HepG2 through blocking the 
cell cycle in the G2/ M phase' without apoptotic actions. While in MCF-7 cells, 
cyanidin induced cell growth inhibition through blocking the cell cycle in the Gq/ Gi 
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Figure 5.8 Effects of cyanidin on the cell cycle of HepG2 cells at different 
incubation time. The DNA content in each sample was measured by 
a flow cytometer. 
. # The content of hypodiploid DNA is indicated in “C，and the 
distribution of DNA content in different phases of cell cycle is 
indicated in 'D'. 
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Figure5.9 Effects of cyanidin on the cell cycle of MCF-7 cells at different 
incubation time. The DNA content in each sample was measured by 
a flow cytometer. 
# The content of hypodiploid DNA is indicated in and the 
distribution of DNA content in different phases of cell cycle is 
indicated in 'D'. 
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Table 5.2 The IC50 determined in the antiproliferative and cytotoxicity assays of 
selected flavonoids on HepG2 cells 
ICso (^M)  
BrdU assay LDH assay 
Delphinidin 117 >300 
“Petunidin 86.0 > 300 
Cyanidin 72.2 426 





Table 5.3 The IC50 determined in the antiproliferative and cytotoxicity assays of 
selected flavonoids on MCF-7 cells 
IC50 (^iM)  
BrdU assay LDH assay 
Delphinidin 108 >300 
‘Petunidin 130 >300 
Cyanidin 129 > 300 





Table 5.4 Percentage of HepG2 cells in each phase of cell cycle after cyanidin  
treatment  
Treatments % of cells 
Go/G, S G 2 / M 
Control (24h) 35.7 ±0.7 a 38.7 ±1.3 a 25.6 ±1 .6 a 
Cyanidin (24h) 34.7 土 2.0 ‘ 36.4 土 2.2 ‘ 29.0 土 0.3 ^ 
Control (48h) 37.5 ±0.5 a 38.3 ±1.6 a 24.2 ±1.3 ' 
Cyanidin (48h) 35.3 ±0.1 a 33.6 ±0.5 a 31.0 ±0.6 b 
Control (72h) 38.1 ± 1 . 2 ' 38.0 ±2.6 a 24.0 ± 2.0 a 
Cyanidin (72h) 38.0 ±0.2 a 29.1 ±1.2 b 32.9 ± 1.4 b 
Results were means 土 standard deviations with n = 3. 
Values with the same alphabet are having no significant difference 




Table 5.5 Percentage of MCF-7 cells in each phase of cell cycle after cyanidin  
treatment  
Treatments % of cells 
Go/Gi S G 2 / M 
Control (24h) 45.6 土 0.7 ‘ 33.7 土 0.6 ‘ 20.7 土 0.7 ‘ 
Cyanidin (24h) 52.0 ± 1.1 b 28.2 ±1.4 a 19.8 土 0.5 b 
Control (48h) 54.4 ± 0.5 a 27.4 ± 0.3 a 18.2 士 0.5 ‘ 
Cyanidin (48h) 56.6 ± 0.1 b 25.3 土 CU" 18.1 土 0.4 b 
Control (72h) 49.0 ± 0.6 ‘ 29.7 ± 0.8 a 21.3 ±0.7 a 
Cyanidin (72h) 60.5 土 1.7 b 22.2 ± 1 5 17.3 ± 0.5 b 
Results were means + standard deviations with n = 3. 
a Values with the same alphabet are having no significant difference compared 






In this project, the health-promoting effects of V. sinensis seeds were studied, 
including the hypocholesterolemic effects on mice and the antiproliferative effects on 
human cancer cells. The seed flour was subject to methanolic extraction followed by 
Diaion HP-20 chromatography. This synthetic adsorbent resin allowed the separation 
of non-phenolic and phenolic compounds. The phenolic fraction of V. sinensis seeds 
was found to possess higher antioxidant activity than the non-phenolic fraction. 
In the animal feeding experiment, the feeding of seed extract was not effective 
in changing the serum or liver cholesterol and lipid levels. Further studies maybe 
feasible if higher dose of seed extract and longer experimental period is employed. 
The antiproliferative activities of V. sinensis seed extracts were investigated. 
The phenolic fraction possessed significant antiproliferative activities on human 
hepatoblastoma HepG2 and human breast adenocarcinoma MCF-7 cells in a 
dose-dependent manner. No cytotoxic effect was detected towards treatment on 
normal cells, the foreskin fibroblast Hs68 in LDH assay. In addition, other plant 
extracts, including strawberry, raspberry and apple peels extract also inhibited the 
‘ proliferations of HepG2 cells (Liu et al., 2002; Meyers et ai, 2003; Wolfe et al., 
) 
2003). 
^ The active antiprolifrertaive components in V. sinensis seeds were suspected to 
be one or more of the antioxidative phenolic compounds presented. From the 
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characterization studies of V. sinensis seeds, the corresponding aglycones of the three 
predominant flavonoids including delphinidin, cyanidin and petunidin (plus 
cyanidin-3-O-glucoside for comparison) from commercial supply were tested on 
their antiproliferative activities. The reason for choosing aglycones is due to the 
actual absorption forms of flavonoids inside human body. It is normal believed, 
bacteria that colonize ileum and cecum cleave the sugar of ingested flavonoids and 
hence only the aglycones are being absorbed. Under the antiproliferative assays, all 
the selected flavonoids were found to possessed significant antiproliferative activities 
on HepG2 and MCF-7 cells in a dose-dependent manner. No cytotoxic effects of 
these compounds were detected in normal cells, the Hs68 in LDH assay. 
Among these tested flavonoids, cyanidin was found to possess the highest 
antioxidant and antiproliferative activities, and hence chosen for further investigation 
by flow cytometry analysis. Two different modes of cell cycle impairments were 
found in the treatment of cyanidin. An accumulation of cells in Gj/ M phase with no 
sign of apoptosis was found in HepG2 cells, while an accumulation of MCF-7 cells 
in Go/ Gi phase and sign of apoptosis were found in MCF-7 cells. 
In summary, it has been found that the phenolic extract of V sinensis seeds and 
the major seed flavonoids possessed high antioxidant activities and significant 
antiproliferative activities on two human cancer cells. In order to have a better 
‘ understanding on the potential of K sinensis seeds as a functional food, some future 
> 
works are proposed as following: 
1) To study the mechanism of the antiproliferative activities of V. sinensis seeds 
extract and the identified flavonoids. This includes western blot and 
129 
Chapter Six 
immumodetection of cellular proteins, such as several cell cycle regulatory 
proteins, including the cyclins (such as cyclin B, cyclin D1 and cyclin E), 
cyclin-dependent kinase (such as Cdkl, Cdk 2 and Cdk 4) are tumor suppressor 
proteins (such as p21, p27 and p53). 
2) To study the anti-cancer activity of V. sinensis seed extract and the identified 
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